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This study concerns the Neisser-Wechsberg (UW¡
phenomenon - a prozone phenomenon that commonly occurs in
the complement-mediated bactericidal reaction. It involves
the deviation of complement activity at relatively high
levels of associated antibody. Thus, target bacteria
survive in the presence of relatively Low dilutions of
a hyperiflìmune antiserum but can be killed in the presence
of higher dilutions. This study, together with other
studies, indicate that the NW phenomenon is an in uíuo
phenomenon, and not just an ín uityo artefact. The humoral
arm of immune defense is significantly weakened in hyper-
immunized ani-mals and in humans with chronic infections
involving Gram-negative bacteria. The phenomenon is
probably not the cause of chronic infection but is an
important consequence and may have a role in sustaining
such an infection.
The system studied here consists of the saLmoneLLa
typhímurium M2o6 strain of bacterium, rabbit antisera raised
against this bacterium, and human or guinea pig serum as
the complement source. Bacteria, sensitized with a pro-
zoning dilution of antiserum, stilI displayed the prozone
phenomenon when washed and incubated with a complement
source. significant cornplement consumption was shown to
occur in the prozone situation and the consumption was
dependentonthepresenceoftargetbacteria.Thus,
deviation of complement activity in the bactericidal reaction
appears to be associated with phenomena occurring on the
surface of the target bacteria, rather than with interactíons
( iii)
between antiserum and complement in the fluid-phase.
Two rabbits were periodicalty vaccinated with heat-
kitledbacteriaovereightweeksand,unlikethe
bactericidal activity (I week after initial vaccination),
prozoning activity appeared Iater (after 2-3 weeks) in the
rabbitseraandpeakedafterfourweeks.Hyperimmuneanti-
sera were subjected to single step and stepwise affinity
chromatographyonproteinA-Sepharosecolumnsandthe
prozoning activity was found to reside exclusively with
thelgGimmunoglobulins.FractionscontaininglgAand
IgM immunoglobulins did not display prozoning activity.
IgG fractions, having different reactivities for protein A,
were isolated and all contained prozoning antibody and all
wereabletofixcomplement.Itisconcludedthat
complement-fixing (bactericidal) IgG antibody is the
immunoglobulin species responsible for the NW phenomenon.
Adsorption studies, utilizíng mutant strains of various
Salmonel}aspecies,showedthattheprozoningantibodyis
specific for antigenic determinants associated with the
bacterial lipopolysaccharide (LPS) (o-somatic antigens'
in this system), and no other outer membrane (oM) component'
As the isolation of specific prozoning antibody by elution
from whole M2O6 cells or insolubilized LPS proved extremely
difficult, it is concluded that this antibody is very avid'
A protein A binding assay, that measures cell-bound IgG'
was used to establish that near antigen-saturating levels
of specific IgG antibody are required to effect the pro-
zone Phenomenon-
Through the use of certain R reagents (c-I42, C-EDTA'
C-EGTA) and the demonstration of immune adherence with
( iv)
prozoning mixtures, it was established that both compì-ement
pathways are activated to at least the C3 component in the
NW phenomenon. Through the use of other R reagents
(RaC6-9, C6-def Rac) and an assay to detect deviated lysis,
it became apparent that the membrane attack complex (MAC)
of complement is not formed or' once formed, cannot bind
to an OM site where it can effect a lesion. Further, the
prozone phenomenon was demonstrated with sheep red blood
cells and 5. minnesota R595 cells sensitized with the LPS
of s. typhimuTium c5; this constituted evidence for the
cooperation of LPs-antibody complexes in promoting the
fixation of MAc to cells, that are subsequently kitled
and lysed bY it.
the data allows the following speculations to be rnade,
regarding the NW phenomenon. Avid TgG antibody quickly and
efficiently covers the LPS antigens of the target bacteria-
This dense cover imparts a highly hydrophobic character to
the surface of these cells. Either, the formation of the
Iarge, amphiphilic MAC of complement is sterically and
electrostatically hindered or' once formed, is prevented
from interacting with the LPS-antibody complexes. Any I{AC'
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CHAPTER 1.1 The complement-mediated bactericída1 reaction
l. t. t The historY of complement and the bactericidal
reaction
The first important theory of mammalian resistance
to disease \^ras proposed by Metschnikoff in 1887. For
several years, he studied the behaviour of leucocytes
in many animals, and attributed the destruction of
bacteria in the body to the digestive activity of these
cells. He proposed that phagocytosis was the major
mammalian defense against infectious agents -
Grohmann in IBB4 showed that cell-free mammalian
plasma could kill bacteria and fungi. The phagocytic
process \^Ias questioned as being the only important
factor in the defense against infectious agents, bY this
and other work. Buchner (1889) showed that fresh, ceII-
free serum was capable of killing and lysing several
different bacteria, whilst other bacteria were unaffected.
Susceptible bacteria íncluded the cholera vibrio' typhoid
bacillus and bacterium coIi. Buchner termed the serum
component responsible "al-exin". Its activity was thought
to be enzymatic because it was destroyed by heat (55o,
60 minutes) and was most readily demonstrated at body
temperature.
A major advance in the understanding of this serum
bactericidal reaction came with the work of Pfeiffer
(1893) . He found that cholera vibrios \^/ere destroyed in
the cell-free peritoneal cavity of immunized guinea Pigs,
2
as \¡/ell as in the serum f rom such animals. The heated
serum did not kill the vibrios but, when the heated
serum plus live vibrios \^rere injected into the peri-
toneal cavíty of normal guinea pigs, these vibrios were
destroyed. such experiments indicated the importance
of the serum bactericidal reaction in the mammalian
defense agaj-nst pathogenic bacteria. Some considerable
time was to elapse before it was agreed that both the
cellul-ar and humoral mechanisms constituted important
defense systems or that some humoral components
accelerated the phagocytic process -
Bordet (1898) recognized that two components were
required for the serum bactericidal reaction: (i) a heat-
stable substance, whose concentration was increased in
the serum of immunized animalso and (ii) the heat-Iabile
substance alexin, present in the serum of normal and
immunized animals. The terms that were eventually accepted
for the two "mandatory" components in the bactericidal-
reaCtiOn Were "antibOdy" and "Cgmplement", respegtively
(Ehr1ich and Morgenroth, 1898a) - "Antiserum" also
replaced the term "immune serum". Tt was further observed
that, although some minimal concentration of antibody was
needed to promote complement-mediated killing, excess
antibody could inhibit it (Neisser and Wechsberg' 1901).
This was termed the Neisser-lrlechsberg phenomenon and its
investigation forms the subject of this thesis.
Bordet (1898) also discovered a phenomenon that he
termed "immune haemolysis". If the blood of one species
of mammal was injected into an individual of another
species, the serum of the recipient developed the ability
3.
to Iyse the red blood cells (RBCs) of the donor species.
He recognized the requirement of the Same two components
as in the serum bactericidal reaction. He showed that
the h,aemolytic activity of a rabbit antiserum, destroyed
I
by he'ating to 560, could be restored by the addition of
fresh normal rabbit serum (NRS).
Antibody, capable of lysing cells other than
bacteria or RBCs ê9., nerve cells, spermatozoa,
J-eucocytes, Iiver ce11s and gastric epithelia, could
al-so be produced by immunization (Bolton, 1906) . There
was a shift in emphasis from study of the complement-
mediated bactericidal system to that of the immune
haemolytic system. RBCs hrere easier to handle and
standardise in the ín ui.tno assays than bacteria because
of their larger size and non-viable state. Thus various
phenomena, previously established for the bactericidal
system, were shown to hold true for the haemolytic system.
For many years, study of the immune haemolytic
system reveafed fundamental relationships between the
target RBCs, the specific antibody and the complement.
These studies also guided the less frequent investigations
of the serum bactericidal system. Ehrlich and Morgenroth
(1899a, 1899b, 1900) established the sequential nature of
immune haemolysis. They showed that the combination of
specific antibody and RBCs (sensitization) could occur
at Oo, and that lysis could then occur in the presence
of complement only at elevated temperatures (preferrably
370). By the kinetic analysis of immune haemolysis,
Brooks (1919) and several other workers discovered that
curves of the time course of haemolysis, and those of
4
the complement dose and lytic response, were sigmoidal.
These observations and the assumption that complement
was a single substance led some workers (Alberty and
Baldwin, 195I) to suggest that a target ceII was lysed
only after a critical number of damaged sites had
accumulated on its surface.
There was a succession of workers who demonstrated
the multi-component nature of complement, by physico-
chemical techniques. Ferrata (1907) identified
precipitating and soluble components of complement by
dialysis in water. Brand (1907) showed that the
precipitating "midpiece" could combj-ne with sensitized
RBCs and, after washing, these could be lysed by the
soluble "endpiece". A third subunit or component was
identified as combining with yeast ce1ls and being des-
troyed by cobra venom factor. A fourth component was
identified as being sensitive to ammonia (Gordon ¿ú eL.,
1926). Pillemer and Ecker (194I) proposed the terminology
C'1, C'2, C'3 and C'4 for the four components, identified
by these techniques. Ueno (1938) established the order
in which these components interacted with sensitized
RBCs ie. , C'1, C' 4 , C'2 and C'3.
In the ensuing years, the mechanism of immune
haemolysis was studied with rlRrr reagents; these \^/ere
specifically lacking in one or more components. The
results were often difficul-t to interpret as the R
reagents were not functionally homogeneous and the
techniques used to measure the degree of haemolysis \^Jere
not precise. The quantitative spectrophotometric procedure
for the titration of haemolytic complement was eventually
5
adopted. The sigrmoidal relationship between comple-
ment dose and haemolytic response was utilized to
accurately gauge complement concentration as CH50 units
per mI. This procedure ushered in an era, during which
parameters influencing immune haemolysis (e.9., the
nature and concentration of anti-RBC antibody, temperature,
pH, electrolyte concentration, reaction volume) \^lere
studied. Mayer, in particular, $/as a prominent worker
in this field. He reintroduced the kinetic approach,
isolated reaction intermediates and formulated the "one
hit theory" of immune haemolysis (uayer, 196I). Rapp
and Borsos (I970) provided a mathematical basis for this
theory; their book afso contains a thorough historical
review of the early complement studies. Mathematical-
analysis by Rapp (1958) also provided strong evidence
that the activity, then ascribed to C3, was not a single
factor.
Ivlül1er-Eberhard, GöLze, Cooper and Nelson, and
others used sophisticated chromatographic techniques
during the 1960's to isolate pure complement components,
including five additional ones, that were recognized as
participating in immune haemolysis. A thorough review
of these techniques was recently published by Williams
and Chase (1977). A standard nomenclature for the comple-
ment components and reaction intermediates j-n immune
haemolysis was establ-ished by a committee of the World
Health Organization (1968) ; it is used throughout this
thesis. The complement pathway that leads to haemolysis,
through the activation of components CI to C9 on
sensitized RBCs, \,'/as termed the "classical pathway".
6
This pathway has been reviewed by Müller-Eberhard (1975);
Fig. 1.1, taken from this article, is a schematic
representation of the molecular events.
The early observations of C3 depletion from serum
by cobra venom factor and yeast cells initially led to
independent lines of research. They eventually merged
together with the realization of a common, second path-
way of complement activation, termed the "alternative
pathway". This can be activated by naturally occurring
polysaccharides and tipopolysaccharides (LPS) , and by
immunoglobulins. However, this pathway may also operate
in the complete absence of specific antibody and immuno-
globulins (Schreiber et aL. , L979) . The pathway
involves only components C3 to C9 of the classical
pathway, and is endowed with a unique amplificatj-on
mechanism. Much attention has been focused on the
alternatj-ve pathway recently and up to date review articles
(Götze and Mül1er-Eberhard, I976; MüI1er-Eberhard and
Schreiber, 1980) exist. Fig. I.2, schematically
representing the molecul-ar events of this pathway, is
taken from an article by Schreiber et aL., (1978).
Various inhibitors and modulators of the complement
pathways have also been known for many years. S-protein,
the most recently discovered inhibitor, combines to the
membrane attack compJ-ex (MAC) (KoIb and MüIler-Eberhard,
1975; Podack et aL., L976) and inactivates it. The MAC
consists of the five terminal complement components (Kotb
and Müller-Eberhard, 1973; Podack et aL., I97B) and forms
the subject of much current work.


















SIrSll and SIlt are topographically distinct sites
on the target cetl surface'
A: antibody to cell surface component'
Bar over a symbol denotes the active enzyme'
Asterisk denotes an enzymatically-activated,
Iabite binding site'
First site: Activation of Recoqni-tion Unit




Second site: Assemblv of Activation Unit
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g. slrI + c5b* + c6 + c7 + c8 + c9-)srrlc5b ,6,7 ,8,9.
(taken from MüILer-Eberhard, L975)
FIGURE 1 2
Schematic representation of the molecular events
in the al rnative pathway of complement
Control: the situation that exists in a non-challenged
state, in the fluid phase, or upon introduction
of a nonactivator Particle.
Restrj-cted control: the situation that occurs upon
introduction of a pathway activator.
c3b*: nascently formed c3b before decay of its labile
binding site.
Sl: the site of initial C3b deposition and its secondary
interaction with structures of an acti-vator
Particle.
Slll-: the attachment site of the membrane attack complex,
c5b-9 .
Control reactions are in small typet amplification reactions
are in bold type" The heavy solid arrows indicate
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extensive studies done on complement-dependent host
defense mechanisms, other than the serum bactericidal
system; the bíosynthesis and metabolism of complement
components; phylogeny of the complement system; inherited
deficiencies of complement components in vaiious mammals;
complement-mediated cytotoxicity with cells other than
RBCs as targets, and; complement-mediated participation
in inflammation and tissue injury. However, these
aspects will not be considered in detail here, âs they
are not relevant to the Neisser-Wechsberg (NW) phenomenon'
studies of the serum bactericidal system have
revealed basic similarities but important differences
from the immune haemolytic system. The latter stem from
basic differences in the two target cells ie., cell waII
structure and viability. one example is the existence of
serum-resistant bacteria, known for almost a century
(Buchner, 1889) . This topic is expanded in :.-'L'2'
Therequirementofantibodyinthecomplement-
mediated bactericidal reaction, postulated at the turn
of the century by Bordet (IB9B), has been scrutinized
over the past 25 years. Some workers considered the
bactericidal antibodies to be non-specific or of limited
specificity (Gordon and carter, 1932). However, others
(Turk , Ig59¡ Sterzl et aL., 1962; Wardlaw, L962) found
that antibody-deficient serum coul-d kill bacteria. serum
from precolostral animals or animals raised in germ-free
environments was also found to kiII bacteria (Franek et
aL., 196I¡ Kjrm et aL., 1966; Dlabac, 1968). The presence
and participation of natural antibody of low affinity, in
these sera, has been difficult to disprove and several
I
v7orkers (Inoue et aL., 1959; Muschel and Jackson, 1963;
Rowley, 1968) demonstrated an antibody requirement. It
is now generally agreed that the bactericidal reaction,
mediated by the classical pathway of complement,
requires the interaction of antibody, specific for the
target bacterium.
The issue of antibody involvement was clarified
when the fuII implications of the alternative pathway
of complement were realized. In the assumed absence of
antibody, bacterícidal action against certain Gram-
negative bacteria was first attributed to the so-caIled
"properdin systemf' by Wardlaw and Pillemer (I956) . Some
(Osawa and Muschel, 1960; Reed and Altbright, L974)
suggested that antibody was invol-ved in the bactericidal
reaction, mediated by this pathway. The use of
factor $-depleted serum (Götze and Müller-Eberhard,
L97L) and C4-deficient guinea pig serum (Root ¿ü aL.,
Lg72) established the involvement of alternative path-
way proteins in the bactericidal reaction. Recently'
Schreiber et qL., (L979) demonstrated bactericidal
activity through the interaction of the 11 isolated
plasma proteins, that comprise the cytolytic al-ternative
pathway (Schreiber and MüIJ-er-Eberhard, 1978). Immuno-
globulins were absent and so specific antibody was shown
not to be necessary.
The bactericidal and bacteriolytic actions of
complement were recognized as two distinct events nearly
twenty years ago. Kinetic studies by Davis et aL.,
(1966) showed a succession of events: cell death,
accompanied by a loss of phospholipids; conversion of
9.
ce1ls to spheroplasts, and; conversion to ghosts. They
monitored killing with the colony count assay, and.
lysis with optical density (OD) measurements and nucleic
acid release. Lysozyme, âh enzyme normally present in
mammalian serum, attacks the glycopeptide component
of the ce1I wall of Gram-negative bacteria. Inoue et
aL., (1959) and Glynn and Milne (L967) , through kinetic
studj-es with Escherichía coLir €stablished that lysozyme
is not necessary for the killing but is necessary for
the lysis of bacteria. There is no such requirement
for immune haemolysis.
The requirements for magnesium and calcium ions
in the bactericidal reaction was found to be similar to
that of j.mmune haemolysis (Treffers, I95B) . Dozois et
aL., (1943) showed that all four known components of
complement were required for immune bacteriolysis.
Inoue et aL., (1968b) used highly purified preparations
of components to show that aII nine, nowadays recognj-zed
as constituting the classical pathway of complement, are
required for immune bacteriolysis.
Several years after the visual d.emonstration of
lesj.ons on RBCs in immune haemolysis (Humphrey and
Dourmashkin, 1965), similar lesions were demonstrated
on whole bacterial cel-ls (Glynn and Milne, L967; Bladen
et aL., 1967), on bacterial spheroplasts (Bladen et aL.,
L966) and on bacterial LPS (Bladen et aL., 1967) , by the
action of specific antibody and compJ-ement. The cell
wa1ls of bacteria are relatively complicated structures
compared to RBC membranes. For this reason, the nature
of the site and the event that resul-ts in the killing of
r0.
bacteria, in the complement-mediated bactericidal
reaction, are not well understood. This is discussed
further in I.I.2.
1.1.2 Sensitivity of bacteria and the mechanism
Gram-positive bacteria are not ordinarily sus-
ceptible to killing or lysis by specific antibody and
complement, whereas Gram-negative bacteria are.
Susceptible bacteria are termed "serum-sensitive" while
those that are not susceptible are termed "serum-resistant".
Serum substances, termed "ß lysins", have been known
to kill various Gram-positive bacteria such as BacíLLus
anthnacis, BaciLlus subtiLis, Streptococcus pneumoniae
and Streptococcus pAogenes (MuscheI, 1960). They are
thermostable and are not increased by vaccj-nation. Little
ís known about the nature of these substances, although
Hirsch (1960) showed that blood p]-atelets release them
during the clotting process. This means that the bacteri-
cidal activity of these substances may well be absent
from circulating plasma. However, antibody and complement
are still important in the body defense against Gram-
positive bacteria by promoting their phagocytosis (Cohen
and Morse, 1959).
Buchner (1889) showed that strains of several Gram-
negative bacteria ie., Vibrio choLerae, SalmoneLLa typhi
and Es chev,ichia coLi, are killed by fresh celI-free serum.
The Iist of serum-sensitive Gram-negative bacteria was
extended to include species of Vibrio, SalmonelÌa, Proteus,
Shige1la, Haemophilus, Brucella, Chromobacter and
Escherichia (Musche1, 1965). Pfeiffer and Friedberger
11.
(1903) first showed that not all Gram-negative bacteria
are serum-sensitive. Certain strains of ParaeoLobactv'um
baLLevup, SaLmonelLa typhímunium and saLmoneLLa
pd.y.a.typhi c are resistant to both normal and immune
serum (¡,luschel , L965). The more virulent Strains Of
Gram-negative bacteria, often associated with systemic
infections in humans (Roantree and Rantz, 1960) are
usually the smooth type. The corresponding rough strains
of the same species usually show greater susceptibility
to killing by antibody and complement (Dlabac, 196B;
Muschel , L965¡ Rowley, 1968) . There may even be differ-
ences between smooth strains of the same species. For
example, the C5 and M206 strains of SaLmoneLLa typhimurium
are serum-resistant and serum-sensítive, respectively
(Furness and Rowley, 1956; Krishnapillai and Karthigasu'
1969). These two strains were extensively used in the
thesis work.
Gram-negative bacteria have a common cell envelope
structure. Electron micrographs of stained cells show
three electron-dense layers, with electron-sparse areas
in between, surrounding the cells (Kellenberger and
Ryter, 1958; Bladen and Mergenhagen, L964). The work
of De Petris (L967) provided a chemical status for each
of, these complex layers. By coupling electron microscope
stud.ies with studies of the susceptibility of layers to
particular solvents, he established that the cell envelope
contained considerable quantities of phospholipid,
glycopeptide, protein and polysaccharide. Fig' 1'3 is a
diagrammatic representation of the basic findings, which
u
hold true today (Cla/ert and Thorntey , 1969 ¡ Costerton
FIGURE 1.3















Figure and terminology adapted from De Petris (1967
12.
et dL., L974) . The inner membrane is referred to as
the ceII, plasma or cytoplasmic membrane (Cl,t¡. It
consists of a phospholipid bilayer, containing mostly
phosphatidyl ethanol-amine, phosphatidyl glycerol and
cardiolipin in 
^9 
. typhimuz,ium and E . coli strains. The
inner electron-sparse area, termed the periplasm,
contains protein. The middle electron dense layer (Cf
and G2), termed the murien sacculus, consists of glyco-
peptide and may contribute between 5? to 202 of the
total cell mass. This layer is common to both Gram-
negative and Gram-positive bacteria, although it is
thicker in the latter (Sa1ton, L964) . The outer ceII
membrane (L1, L2 and L3), Iike the cytoplasmic
membrane, is ZSÅ ttri-ck but the two are 100Å apart. The
outer ceIl membrane is composed of a phospholipid
bilayer, protein and LPS. Comprehensj-ve reviews have
been published on the membrane (Osborn et aL., 1974;
Inoue, 1979) and the protein content (DiRienzo et dL.,
1978). Fig. L.4 depicting a proposed model for the
structure of the outer cell membrane of 5. typhùmurium,
is taken from an article by Smit eú aL., (1975) . The
LPS, and the polysaccharide component in particular, is
the outermost structure of the ce1l. This is not so for
some species, that have a distinctly separate poly-
saccharide capsule.
The LPS component occupies about 45å of the
surface of the outer cell membrane. It contains the
O-somatic antigens and endotoxins of Gram-negative
bacteria. The LPS consists of three chemically and bio-
logically distinct regions. The branching polysaccharide
FIGURE 1.4
Proposed model for the structure of
the outer membrane of s.t himunum
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(region 1), carrying the main serological specificity
in the form of the o-antigens, is linked to the core
polysaccharide (region 2) , common to groups of gram-
negative bacteria. The core polysaccharide is linked
via the 2-keto-3-deoxyoctonate (KDO) trisaccharide
to the lipid component, Iipid A (region 3) (Luderitz
et aL., 1971) . The lipid A portion of the LPs molecule
replaces part of the phospholipid in the outer layer of
the lipid bilayer. The chemical structure of lipid A
has been extensively analysed as well as its rol-e as
endotoxin and the major biologically active component
of Lps (l,uderitz et aL., 1973) . Intensive study of the
LPS structure of Gram-negative bacteria, particularly
SalmoneIIa species, in which the biosynthesis of specific
LPS precursors r^tas blocked (Nikaido et aL. , 1964; Osborn
et qL., 1964; Luderitz et aL., 1966), followed the initial
report by Nikaido (1961) of an epimerase-l-ess mutant
strain of s. typhímuníum. The study of these so-called
"R mutants" Ied to a detailed understanding 0f the
structure, biosynthesis and underlying genetics of the
polysaccharide component of the LPS of various Sa1monella
species. Fig. 2.I shows the LPS structures of the various
Salmonella strains used in this thesis '
The change from a rough form to the smooth form of
a gram-negative bacterium is accompanied by a change in
the Lps structure, the polysaccharide component, in
particular (Luderitz et aL., 1966). The change is also
accompanied by a decrease in sensitivity to the serum
bactericidal reaction (Dlabac, l-968). The partial removal
or structural disorganization of the LPS was therefore
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thought to be a way of increasing the sensitivity of
an otherwise resistant strain. The chelating agent,
ethylenediaminetetra acetic acid (EDTA) , and the
univalent tris- (hydroxymethyl) -amínomethane ( TRIS )
markedly increase the serum sensitivity of smooth
strains of Gram-negative bacteria (Reynolds and Pruul,
1971a) and Gram-posítive bacteria (Reynolds and Row1ey,
1969), when present in reaction mixtures. This becomes
more apparent in the absence of magnesium ions. Reynolds
and pruul (I97Ib) showed that EDTA and Tris disrupt the
structure of the LPS of Gram-negative bacteria and
proposed separate actions on the divalent cations (Mgz+') ,
that are structurally important components- The large
distance between the site of complement activation on
the o - antigens and the target cell membrane (shands,
1965) was commonly bel-ieved to be the reason for the
serum-resistance of smooth strains (Muschel, L965¡
Feingold et aL., 1968b; Archer and Rowley, 1969¡ Reynolds
and Rowley, L969) . However, Reynolds and Pruul (I97Ib)
showed that the sensitization of smooth bacteria did not
involve the fixation of antibody and complement closer
to the target cell membrane but rather the promotion of
a later event. Reynolds et. dL., (L975) identified this
later event by showing that the LPS of the smooth
,9. typhimurium C5 prevents the activated C5 complement
component from binding to its membrane receptor site.
The MAC appeared to be sterically hindered by the
extensive LPS structure on the outer cell membrane. More
recent work by Joiner et aL., (1982a'b) also suggests
that the MAC is formed and does associate with the
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bacterial surface, but that it fails to insert into
hydrophobic regions of the outer membrane.
The locus of ceIl death in the complement-
mediated bact.ericidal reaction is uncertain, although
considerable work has been done to ascertain this.
The' O-polysaccharide antigens of Gram-negative bacteria
have long been recognized as the principal antigens
operating in the reaction (Cundiff and Morgan, 194L¡
Adler, 1953; Muschel, L960) . Overwhelming evidence has
shown that they are the antibody binding sites and
the activation sites for the classical complement pathway.
Bladen et qL., (L967 ) demonstrated similar lesions on the
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isolated LPS, as on whole cells of VeíLLoneLLa aLcaL"cens,
in the serum bactericidal reaction. Muschel and Jackson
(1966) suggested that complement action directly damages
the inner cell membrane. This suggestion raised many
questions based on the known structure of the Gram-
negative cell envelope. It meant that the late acting
complement components ie., the MÀC, would have the two
ceII membranes as targets. CelI death does occur in the
serum bactericidal reaction without the participation of
lysozyme (clynn and Milne, L967\. The problem raised by this
was how the large MAC of complement can gain access to the
inner cell membrane through the dense glycopeptíde layer.
Damage to Gram-negative cell-s in the serum
bactericidal reaction has been studied by monitoring the
rel-ease of intracellular and extracell-ular ceII
components. These components have been active enzymes
or structural components, Iabelled by growing the bacteria
j-n medium containing a radioactive tracer êg. , 14"-91u"o""
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or 32p-orthophosphate. Spitznagel- (1966a) showed that
when a smooth strain of E. coLí is grown in medium
. 32_containing "-P and then incubated with guinea pig serum,
32n-I.b.1led compounds of both high and low molecular
weight (IvIlV) are released from the cel-Is. The low MW
compounds, having characteristics of phosphoJ-ipids, are
in the majority and indicate membrane damage. The high
MW compounds have characterj-stics of nucleic acids and
so indicate some release from the cell cytoplasm. A
further report (Spitznagel, 1966b) showed that the heat-
labile complement and heat-stable antibody are required
for 32p release from labelled E. eoLí cells in the
serum bactericidal reaction.
The lethal effect of lysozyme-free serum on
E. coLi cells can be inhibited by placing these cells
in a hypertonic sucrose solution (Feingold, 1968a). The
inner cell membrane is protected from the secondary
lethal changes that normally occur in bactericidal
reaction mixtures. The E. coLi cel1s, whose glyco-
peptide is labelled with 3u-diaminopimelic acid, release
the label in the serum bactericidal reaction when lysozyme
is present but not when it is absent. Lysozyme, therefore,
seems essential for the breakdown of the structure maintain-
ing the cell shape glycopeptide 1ayer. Feingold believed
that sequential damage to the two supporting structures of
the cell envelope ie., the outer membrane and the
glycopeptide layer, is lethaI, whereas damage to one or
the other is tolerated under certain conditions.
Alkaline phosphatase and B-galactosidase are two
degradatj-ve enzymes that have been shown to be present in
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the periplasm and the cytoplasm, respectively, of Gram-
negative bacteria (Done et aL., 1965; Heppel, L967¡ Neu
and Chou, L967') . They are both released ínto the fluid-
phase when E. coli ce11s are incubated with whole serum,
whereas only alkaline phosphatase is released with
J-ysozyme-free serum (Inoue et aL,, 1968; Feingo1d, 1968b).
Moreover, ß-galactosides were shown to be accessible
to the intracellular enzyme, where killing occurs with
lysozyme-free serum (Feingold, 1968b). The two studies
also showed that the target cells remain viable and
morphologically similar if exposed to lysozyme-free
serum in a hypertonic medium. In this situation, alkaline
phosphatase is released but $-galactosides are not
accessible to the intracellular $-galactosidase. Feingold
suggested that damage to the inner cel1 membrane is
essential for killing to occur and that a defective cell
wal1 upsets the normal osmotic forces operating at the
inner celI membrane.
fnoue et aL., (I974a\ examined the radioactivity
released from 14c-glrr"o=" Iabelled E . coLi cel1s, when
they \^/ere incubated with specific antibody and complement,
in the absence of Iysozyme. Among the phospholipids
released, phosphatidylethanolamine (PE) appears first and
then increasing levels of the breakdown products, free
fatty acids (FFA) and Iysophosphatidylethanolamine (LPE),
appear. No hydromyristic acid from the lipid A moiety of
the LPS is detected. These workers suggested that a
phospholipase is present at the periphery of the bacterial
ce1ls and that this enzyme is activated by complement-
associated damage to the outer membrane. They (Inoue et
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qL., L974) also discovered a mutant E. coli strain that
presumably lacks this enzyme, because cells liberate
PE but only trace amounts of FFA and LPE when they are
incubated with specific antibody and complement.
Phospholipase activity has afso been demonstrated in
the outer membrane ot ,S. typhímuníum cells (Osborn et
aL., L972\ . Inoue and co-workers postulated that the
normal release of the degradation products in the parent
strain occurs after the bacterial enzyme gains access to
its substrate the inner membrane phospholipid - via
channels in the cell wall. These channels are formed by
complement action (Inoue et aL., t968a) .
The question of complement-associated damage to
both ceII membranes of E. coLi was taken up recently by
Wright and Levine (19BIa). Using similar bacterial
enzyme and radioactive label release techniques, they
showed that damage to the two membranes occurs simul-
taneously and with identical- dose responses. They proposed
that complement acts at a single Iocus, contiguous with
both the outer and inner cell membranes. Bayer (1975)
previously described the loci of cl-ose inner and outer
membrane apposition. lVright and Levine (19BIb) further
proposed that the tethal event occurs by a two hit-
mechanism, as two terminal complexes are required for
inner membrane damage, outer membrane damage and killing-
This is consistent with the concept of Biesecher et aL-,
(1979) that the MAC of complement functions as a dimer of
C5b-9. These recent propositions indicate that damage
to the inner celt membrane is required for the killing and
Iysis of Gram-negative bacteria by complement-
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I.1.3 Antibod involvement
It is generally accepted that specific antibody
is required for the killing of Gram-negative bacteria
by the classical pathway. of complement. Early experi-
ments showed that the serum of precolostral- Iaboratory
animals and of animals raised in a germ-free environment
can kill certain bacteria (Turk, 1959; Sterzl et aL.,
l-962). Antigenic stimuli, beyond the control of these
investigators, probably resulted in a low serum level of
natural antibody that was only detected in the very
sensitive bactericidal reaction. In several well-
control-Ied experiments, such antibodies have been produced
in animals due to the introduction of dead or live bacteria
in their diet (Springer, I959; Wagner, I959). Natural
antibodies have been shown to display the same specificJ-ty
as those produced by vaccination or symptomatic injection,
and the natural antibodies act similarly in the bactericidal
reaction (Mackie and Finkelstein, L932; Adler, 1953;
Muschel et aL., L962) . There is no fundamental difference
between natural and immune antibodies.
Specific antibody of the different classes is
not equally efficient in the complement-mediated
bactericidal reaction. IgM antibody is considered to be
more efficient on a molar or weight basis than IgG anti-
body in the kitrling of a variety of Gram-negative bacterj-a:
Neisseria meningitidis (Griffiss, 1975; Griffiss and
Bertram, 1977) ¡ Bt,uceLLa abortus (HaIl et aL., I97L) ,
Pseudomonas aenuginosa (Bjornson and Michael, L970) ¡
HaemophiLus infLuenzae (Johnston et aL., 1973) ; Vibt'io
choLerae (Pike and Chandl-er, 1969) , and; SalmoneLLa
20.
specíes (Robbins et aL., 1965; Daguillard and Edsall,
1968; Eddie et aL., I97L; Schulkind et aL., L972). It
is beli-eved that the reason is similar to that for the
immune haemolytic system. Here, a single IgM molecule,
specific for and bound to a RBC membrane, is sufficient
to trigger the classical pathway of complement, whereas
two such IgG molecules are required in close proximity
(Borsos and Rapp, L965¡ Ishizaka et aL., L966; Borsos
et aL., 1968). IgM molecules are decavalent and more
than two ceII-binding sites can be filled by them.
However, non-complement-f ixing IgltÍ antibodies with
diverse specificities have been described in various
species (Cowan, I973; Rosse, 1968) , and rabbit anti-
bodies of the IgG class have been described as more
efficient in causing haemolysis once bound to RBCs (Frank
and Gaither, 1970).
Adinolfi et qL., (1966) suggested that colostral
IgA antibody is bactericidal j-n the presence of complement
and lysozyme. Ishizaka et qL., (1965) showed that rgA
antibody, specific for human group A RBCs, could not lyse
these cell-s in the presence of complement. IgA antibody
can, in fact, inhibit the haemolytic activity of IgG and
IgM antibody (Russell-Jones et qL., 1980) . Other workers
have shown that colostral IgA antibody cannot kill
bacteria in the presence of complement al-one (Knop eú aL.,
I97L; Heddle et qL., 1975) , or with lysozyme (Eddie et
aL., 1971; Hedd1e et qL., 1975) . The latter workers
doubted the validity of the work by Adinolfi et aL., due
to the fractionation and assay techniques used by this
group. The weight of evidence therefore indicates that
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IgA antibody is not bactericidal, nor pæ can it
trigger the alternative pathway.
In recent years, IgG subclasses of various
mammalian species have been investigated for complement-
fixing and bactericidal activity. Human IgG1, IgG, and
IgG- antibodies fix complement in the immune haemolytic-3
system whereas TgG4 antibody does not (Ishizaka et aL.,
I970; Spiegelberg, L974). Their ability to fix complement
in the complement-mediated bactericidal reaction probably
follows this. siroLát et aL., (L976) showed that IgG2
antibody from guinea pigs killed bacteria by the classical
pathway of complement, whereas IgGI antibody killed by
the alternative pathway. Mouse IgG2u and fgGZb anti-
bodies have been shown to fix complement (l{ill-er and
Nussenzweig, I974) whilst there is evidence for two
isotypes of IgGl antibody one that fixes and another
incapable of fixing complement (Klaus et aL., 1979; Ey et
aL., I979i Ey et aL., 1980). This thesis deals with
rabbit immunoglobulins. No recognized subcfasses of
rabbit IgG, or of IgA or I9M, have been described, although
Schlamowitz et aL., (L975) showed the fractions of fgG,
derived from column chromatography techniques, to have
basic differences.
Following the j-mmunization of laboratory animals
with Salmonellae, an increase in bactericidal activity
per unit mass of IgG and Igltf antibodies has been noted
with time (Schulkind et aL., 1972) . This paralleled the
increase in avidity also noted with time. This, increase
in avidity is also apparent with other immunogens ví2.,
Vibt'io choLez,ae (HoImgren and Svennerholm, I972),
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E. coLi, LPS (Ahlstedb et aL., L973) and haptens (Eisen
and Siskind, L964¡ Goidl et aL,, 1968; V'lerbl-in et aL.,
I973a and b). In any particular serum, the avidity of
IgM antibody is lower than that of IgG antibody, specific
for the same Gram-negative bacterium (Robbins et aL.,
1965; Holmgren and Svennerholm, L972) .
Early work by Pil-Iemer et aL., (1954) showed that
properdin-depleted serum was deficient in bactericidat
activity towards certain bacLeria and in other complement-
mediated biological activities. Properdin, a hydrazine-
sensitive component (factor A), and a heat-labiIe
component (factor B) could together activate C3 to
generate serum bactericidal activity (Wardlaw and
Pillemer, 1956) . Through the use of factor B-depleted
serum (Götze and MüIler-Eberhard, I97I) and C4-deficient
guinea pig serum (Root et aL., L972) , the alternative
pathway of complement was established to have an
important rol-e in bactericidal reactions with certain
Gram-negative bacteria. Schreiber et qL., (1979)
demonstrated bactericidal activity with only the II
proteins of the alternative pathway and so conclusiveJ-y
proved that this pathway can be bactericidal in the
complete absence of specific antibody.
Bacterial- LPS is believed to directly activate
complement via the classical pathway (Loos et aL., L974)
and the alternative pathway (Gewurz et aL., 1968; Marcus
et aL., I97I¡ GöLze and MüIler-Eberhard, I97I; Dierich
et aL., I973). Evidence suggests that the polysaccharide
moiety of LPS activates the alternative pathway while the
lipid A activates the classical pathway (Lachmann and
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Nico1, 1973¡ Loos et aL., I974; Morrison and K1ine,
1977). The direct activation of either pathway, in
the absence of specific antibody, does not seem to
resul-t in kilting in assays whqre a diluted component
source is used.
1. I.4 Bactericidal ASSAYS
The standard method for determining the number
of bacteria surviving serum action is the plate count
assay. It was used by Neisser and Wechsberg (190I) in
the first description of the NW phenomenon. It is still
used today although instruments, media, etc. have changed
since the turn of the century. The assay involves a
mixture of diluent, antibody source, complement source and
log-phase bacteria being incubated at 37o for a specific
period. At the beginning and end of this period, samples
of the mixture are plated out on nutrient agar plates,
and the numbers of colonies are counted after overnight
incubation of these plates. There are some disadvantages
inherent in this assay: (i) bacterial numbers initially
increase due to cell division, (ii) mixtures, containing
greater than 104 bacteria per mI, require to be diluted
before samples are taken and this increases the statistical
error, and (iii) bacteria may agglutinate in the presence
of specific antibody and so colony counts can be falsely
1ow, especially if the numbers added are high (rtO6 per
mI) .
The rapid photometric growth assay was developed
by Muschel and Treffers (1956) to counter some of these
objections. The assay, like the plate count assay,
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includes an initial period when bacteria, antibody
and complement are allowed to interact; the bacteria
can still divide in this period. The subsequent addition
of nutrient broth halts the bactericidal reaction and
allows the surviving cells to increase exponentially.
The mixture is incubated for several hours after which
the relative growth rates of the bacteria in test and
control situations are estimated by photometric means.
Muschel and Treffers found the assay to be accurate and
more time-saving than the plate count assay. The
principal disadvantage is the excessive use of reagents,
especially complement. Inoue et aL., (I974) modified the
photometric growth assay to remedy this. Their microplate
count assay begins with the incubation of a small volume
(75 uI) of bactericidal reaction mixture in a micro-
titration plate. Concentrated nutrient broth (25 U1) is
then added and the plate is incubated at 37o overnight.
The viability of bacteria at the end of the bactericidal
reaction is gauged by the turbidity of the mixture or the
number of colonies on the bottom of the well. This assay
allows a larger number of reaction mixtures to be tested,
because of the smal1 volumes used and the speed of
pipetting and diluting. However, it is just as time
consuming as the plate count assay as overnight incubation
of the plate is required.
Another assay that uses small volumes of reagents
is the radial diffusion agar plaque assay (Holmgren et
aL. , 197I) . Microdrops of antibody source and complement
source are placed on the surface of a nutrient agar plate'
that incorporates live bacteria. Incubation of the plate
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at 37o for several hours results in plaques forming at
the killing sites. The radial diffusion of antibody
source, prior to the addition of the complement source,
resufts in plaques, whose area is proportional to the
bactericidal antibody concentration. Because IgM anti-
body diffuses poorly and avid antibody binds to bacteria
in the drop rather than diffusing out, this modificatíon
has its limitations.
The multiplication of target bacteria is a problem
inherent in aII the above bactericidal assays. Recently,
a mutant strain of E. coLi has been described that does
not multiply at the normal bactericidal assay temperature
of 37o, but does so at 25o (Hooke et aL., I97B). This
bacterium appears to be an ideal- target organism for a
bactericidal assay as it cannot multiply during the assay
but does multiply to form colonies on agar plates, if the
latter are incubated at 25o.
A form of the original plate count assay is used
in this thesis. In the majority of experiments, the
initial bacterial cell concentration is 5X103 per mI.
Such a Iow number results in very close agreement between
the initial colony counts of different mixtures, in any
experi-ment. Aggtutination of the target bacteria is also
prevented. The important advantage of this assay is that
target cells can be centrifuged down and studied further
after a bactericidal assay has been performed.
A number of assays have been developed that measure
that later action of specific antibody and complement on
Gram-negative bacteria lysis. The release of nucleic
acid from the cytoplasm (Amano et aL., l-958) , the release
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of 32, (spitznageJ-, 1966a) or L4C (Kasper and Wyle, L9621
from labelled target cells and B-galactosidase activity
of these cells (Feingold, 1968b) are examples. The NW
phenomenon is an abrogation of the bactericidal reaction
and so a detailed discussion of these assays is not
included in this thesis.
1.1.5 A comparison with complement-mediated lvsis of
animal cells
complement has been shown to interact with and kiII
protozoa (Anziano et aL., L972), nucleated mammalian
cells (Green et aL., 1959; Green and Goldberg' 1960) and'
viruses (A1meida et aL., I972) . The fundamental mechanisms
of complement-mediated haemolytic, bactericidal and
cytolytic reactions appear to be similar.
The close historical and mechanistic ties that
exist between the Serum bactericidal and immune haemolytic
reactions have already been described. Both require all
nine components of the classical pathway of complement
(Inoue and Nelson, L966; Inoue et aL. ' 1968b) and both
result in similar "doughnut" type lesions on the ceII
surface (Humphrey and Dourmashkin, 1965; Glynn and Milne,
Lg67; Bladen et aL., L967) . However, there are basic
differences also. These differences stem from the obvious
differences in cell structure and viability. whereas
previous evidence has indicated that, like immune haemo-
Iysis (Mayer, 1961) , the bactericidal reaction is a
one-hiÈ process (Inoue et aL., 1976\ ' recent evidence
(wright and Levine, I9B1b) suggests that it is a two-hit
process. Target RBCs are not viable; target bacteria are
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viable and their killing precedes spheroplast formation
and lysis (Davis et aL., 1966) . RBCs of all marunalian
species are susceptibl-e to immune haemolysis, whereas
ordinarily, no Gram-positive bacteria and only some Gram-
negative bacteria appear to be susceptible to the serum
bactericidal reaction. The glycolipid cell membrane is
the site of complement activation and damage in immune
haemolysis. The polysaccharide O-somatic antigens of
the outer membrane of Gram-negative bacteria are the
important sites of complement activation in the serum
bactericidal reaction. The phospholipid bilayer of this
outer membrane is certainly a site of complement damage,
but the inner cell membrane apparently needs to be
damaged before cell death and lysis occurs.
Like bacteria, nucleated mammalian cells display
great variability in their susceptibility to killing by
complement (Ohanian et qL., L973; Ferrone et aL., L975¡
Young-Roderichuk and Gyenes, I975) . However, this
variability cannot be solely ascribed to physico-chemical
properties of the ceII membrane. The metabolic properties
of nucleated cells may also be important. These cells may
repair or re-seal damage caused by complement, they may
shed or degrade bound complement components, or they may
modify other physical properties of the cell membrane
(Ohanian and Borsos, I977) . The various properties and
behaviour of nucleated ceIls, that may infl-uence the
result of complement action, have been listed (Ohanian
et aL., I97B) but the relative importance of each is
rel-atively unknown.
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Bacteria are more susceptible to the serum
bactericidal reaction in the logarithmic phase of
growth. Nucleated ceI1s, however, are most susceptible
to comprement-mediated cytolysis during the Gr phase and
least susceptible during the logarithmic phase (Lerner
et aL., I97J-; Pellegrino et aL., 1974; Cooper et aL.,
r97 4) . unlike bacteria, nucleated celrs differ in their
susceptibility to complement from different species
(Ohanian et aL., 1973; Pellegrino et aL., L974).
Inefficient killing, despite hundreds of thousands of
bound complement molecules, is also recognized (Lerner
et aL., L97L; Ohanian and Borsos , L975) . Morphological
changes have been observed at the surface of nucreated
cel1s following exposure to antibody and complement. In
particular, muJ-tiple protrusions have been demonstrated
using scannJ-ng electron microscopy (Ohanian ¿ú aL.,
1978). The surfaces are "moth-eaten" in appearance and
point to complement acting at discrete sites on the cell
membrane. The protrusions are similar to those demon-
strated on bacterial cells in similar circumstances
(Schreiber et aL., 1978) .
The classical pathway of complement appears to be
more important than the alternative pathway in the
complement-mediated kirring of nucleated cells. This is
so for the serum bactericidal reaction. However, there
are severar reports (see Müller-Eberhard and schreiber,
1980) of nucleated cells activating the arternative path-
way and being subsequently kilted. Like bacteria
(Schreiber et aL., 1979) , at least one type of nucleated
ceIl has been shown to be kiIled and 1ysed only in the
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presence of the eleven proteins of the cytolytic alter-
native pathway (Schreiber et øL., 1980).
CHAPTER 1.2 Aberrent Phenomena associated with the
comp lement-mediated bactericidal- reaction
I.2.I The Neisser-Wechsberg phenomenon
The phenomenon vtas first described by two German
workers, Neisser and Wechsberg, in l-90I. They reported
that Iow dilutions of some antisera are unable to kill
the corresponding serum-sensitive bacteria in a plate
count bactericidal assay, whereas higher dilutions can
ki1l until specific antibody is no longer present. The
tack of killing with the low antiserum dilutions, ie.,
with high levels of specific antibody, constituted the
NW phenomenon.
Neisser and Wechsberg demonstrated this prozoning
activity in antisera raised in rabbits, goats and dogs
against two species of Vibrio, and SøLmoneLLa typhi.
They further showed (i) that the bactericidal activity
of a normal serum could be diminished by the addition of
heat-treated anÈiserum with this prozoning activity, and
(ii) that the prozoning activity of an antiserum could be
reduced by the addition of normal serum. These last two
observations are very important to the understanding of
the mechanism of the NW phenomenon, although this was not
realized at the time. Their explanation was consistent
with the current theory of immune haemolysis, although
they could not demonstrate such a prozone phenomenon in
the haemolytic system. According to Neisser and V{echsberg,
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specific antibody (amboceptor) needs to combine with
complement, before attaching to a1I the antigenic
sites (receptors) of the target bacterial celIs, if
cell_ death is. to occur. when excess antibody ie., Iow
dilutions of antiserum, is present in a bactericidal
aSSay mixture, a fraction does not combine wj-th complement'
If the avidity of the uncombined antibody is higher or
the same as that of the combined antibody, the former
preferentially binds to available antigenic sites. The
target ceIls are not killed as uncombined antibody is
bound to some or all of the antigenic sites '
Current theory on the mechanism of the serum
bactericidal reaction does not support this first
explanation for the NW phenomenon. Many other explanations
have been forwarded since 1901, and the purpose of this
thesis is to provide an explanation based on a study of
the various parameters of the bactericidal reaction.
Fifty years after the first description, a
reference was made tothe phenomenon in one of the standard
Microbiology textbooks of the day (Wilson and Miles, 1957) '
The authors claimed that such a prozone phenomenon is
demonstrable in other simpler immune systems and vaguely
paralleled the NW phenomenon with the zone phenomena Seen
in agglutination and precipitation systems.
Various hypotheses were later aired by several noted
immunologists in a workshop setting (Muschel, 1965) .
Muschel believed that the NW phenomenon is due to some
steric hindrance to complement components and that the
precise mechanism is more difficult to explain than for
the inhibition of agglutination by excess antibody. Coombs
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suggested that soluble bacterial antigen combines with
antibody in the fluid-phase and thaL this soluble
complex deviates complement away from the target bacteria.
Boyden suggested that only one Fab combining site per
antibody molecule combines to antigenic sites on the
bacteria, and So complement activation does not occur.
Very little experimental evidence was presented for these
hypotheses during this discussion.
The agglutinating and bactericidal properties of
IgM and IgG antibodies, specific for somatic antigens
9 and 12 of SaLmoneLLa typhi, were studied by Daguil-Iard
and Edsall (1968). They pooled rabbit antisera and
first separated antibody, specific for the single antigens
and both antigens, by adsorption to and subsequent
elution from acetone-dried bacteria. They then separated
the specific IgM and IgG antibody by gel filtration on
Sephadex G-200 and by subsequent anion-exchange
chromatography of the crude IgG fraction on DEAE-cellulose.
Both specific ant,ibody preparations showed the NW phenomenon
and so Daguillard and Edsall c{imea that specific IgG and
IgM antibody possess this prozoning activity.
Certain expêrimental aspects of this work seem
unsatisfactory. The vaccination schedule was short in
comparison with other studies, in which prozoning activity
was demonstrated (see 1.4.1). Specific IgA antibody could
have been present in the various fractions, as an otherwise
unidentified ß-globu1in appeared in sera collected late in
the vaccination schedule. The antisera used to test the
various fractions were not weII characterized. Elution of
specific antibody from acetone-dried ,9. typhi ceIIs by
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acetate buffer (pH 3.5) followed a previously published
method (Robbins et aL., f965) . Incubation of the mixture
at 37o for 90 minutes, before centrifugation at 37o ,
must have destroyed some complement-fixing activity of
the specific IgM antibody (Stollar et aL., 1976) . This
may well explain why the IgM antibody displayed pro-
zoning activitY.
In a detailed study of the NW phenomenon, displayed
by hyperimmune rabbit antiserum and s. typhí bacteria,
Muschel et aL., (1969) dispelled some of the early beliefs
regarding the phenomenon. One of the important findings
was that target bacteria, sensitízed with a prozoning
dilution of antiserum, could be washed and sti11 display
the prozone phenomenon on addition of complement. This
seemed to indicate that the phenomenon occurs on the
cells. These workers also showed that haemolytic
complement is consumed in the prozoning situation and
that the prozoning activity is dependent on the complement
concentration. Serum fraction studies indicated that both
IgM and IgG antibody exhibit prozoning at high con-
centrations, however, characterization of the fractions
obtained was poor and there was no regard taken of IgA
antibody. Muschel et aL., conctuded that excess antibody
plus non-specific anticomplementary factors found in
heat-treated antiserum are responsible for the NW phenomenon.
. At about the same time, Edebo and Normann (1969)
published the first of a series of articles on the
phenomenon. The bactericidal activity of normal human
Serum on rough SaLmoneLLa typhimurium mutants was shown
to be inhibited by specific rabbit antiserum. The prozoning
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activity of the antiserum appeared to be specific for
the immunizing mutant or for mutants belonging to the
same chemotype. This suggested that antibody specific
for the outer membrane LPS antagonizes the bactericidal
action of normal Serum. In a second articl-e, Edebo and
Normann (1970) reported that the killing of these
mutant.s by normal cattle serum can also be inhibited by
rabbit antiserum.
Normann (L972) provided evidence to suggest that
a tengthy immunization schedule is required to produce
prozoning activity in the serum of immunized rabbits.
Such a lengthy schedule resulted in serum with comparatively
high prozoning activity but with Iow bactericidal and
haemagglutinating activities. By fractionation of the
antiserum on DEAE-cellulose and ident'ifying the fractions
using immunoelectrophoresis, Normann revealed that the
prozoning activity resides with only the IgG fraction
ie., with the specific IgG antibody, presumably- He
asserted that IgM and IgA antibodies are unimportant.
In the most important paper of this series, Normann
et aL., (1972) analysed some basic paraméters of the
prozone phenomenon, displayed by hyperimmune rabbit anti-
serum. They showed that S. typhimuriun cel-Is can be
sensitized and washed, but stiII remain i-n the prozoning
situation on incubation with complement. They also showed
that when the antiserum is absorbed with the isolated LPS '
the prozoning activity is lost. Other resul-ts suggested
that the prozoning activity remains stable over a large
bacterial concentration range and that it is abrogated by
the pepsin digestion of the antiserum. These workers
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postulated that in the prozoning situation, complement
activity is scattered or deviated so that it does not
effect a lethal lesion in the bacteriaÌ envelope.
Unfortunately, the above-mentioned parameters of the NW
phenomenon were not studied with the isolated IgG
fraction of hyperimmune rabbit antiserum. This could
have afforded very strong evidence for the involvement
of IgG antibody in this phenomenon.
So far, the series of articles deaLt with the
effects of hyperimmune rabbit antiserum on the bactericidal
reaction involving a rough strain (395 MRO) of
,5. typhimuz,ium. Normann et aL. , (1973) also showed that
IgG antibody could also abrogate the killing of a smooth
strain of S. enteritidís. They postulated that IgG anti-
body can abrogate the killing of Gram-negative bacteria,
whether their LPS is "complete" or not.
One other study (Eddie et aL., 1971) $tas important
because it focussed on the possible role of IgA antibody.
These workers first vaccinated rabbits with live
s. typhimurium bacteria. They then isolated specific
secretory IgA antibody from these animals, by adsorption
and chromatography techniques. As little as I0 Ug of
secretory IgA antibody was found to inhibit the bacteri-
cidal activity of specific IgM or IgG antibody. These
results suggest that specific IgA antibody may have an
important role in the NV'l phenomenon.
I.2.2 Clinical Brucellosis
Bv,uceLLa aboz'tus is a Gram-negative bacterium that
commonly infects cattle, sheep, horses, and humans who by
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profession have contact with these domestic animals.
Bacteraemia, manifested by spiking body temperature,
can proceed to serious complications such as abortion
and the malfunction of several body organs.
Acute and chronic phases exist in this disease
and they can be differentiated serologically with tube
agglutination, complement fixation, bactericidal and
modified Coombs tests (Buchanan et aL., l-974) . A prozone
phenomenon is commonly observed in the agglutination
test with heat-kiIled Br. abortus organisms and low
dilutions of serum from chronically-iII humans. The
prozoning activity was found to be associated with the
serum ßrO (Vro)-globulin, viz, the IgA fraction (see
r.3.1).
Mammalian sera also display a similar prozone
phenomenon in the complement-mediated bactericidal reaction
with this bacterium. Initially, HaIl (1950) nóted that
Iow dilutions of serum from chronically-i1I humans are
unabl-e to ki1l. The phenomenon has been demonstrated in
whol-e bl-ood (Joos and Hall-, 1968) and serum (HaIl et aL.,
I97I) from hyperimmunized rabbits.
The first kinetic study of the bactericidal activity
of fresh, whofe blood closely resembled the in oiuo
situation (Joos and HaIl, L968) . Normal rabbits and
rabbits, immunized with heat-kil-led Br, aboz'tus organisms,
r,lrere assayed for blood bactericidal activity. WhoIe bl-ood
and serum, from aII normal and most immunized rabbits,
efficiently killed the LargeL Br. abortus cells in a very
short time. However, some specimens from immunized rabbits
and all from hyperimmunized rabbits were unable to kitl.
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Weekly immunizations over eight weeks constituted hyper-
immunization, and the appearance of this prozoning activity
in the blood coincided with the appearance of prozoning
activity in the tube agglutination test. Joos and HaIl
concluded that a complement deficiency and a blocking anti-
body are the causes of the activity shown by immune and
hyperimmune blood, resPectivelY.
HalI et aL., (197I) attempted to identify the serum
factor(s), responsible for this prozone phenomenon, by
fractionating hyperimmune rabbit antiserum. SurprisinglY,
the whole serum showed only slight prozoning activity, in
bactericidal assays with LargeL Br. abortus ceIIs. The
ß-gl-obulin fraction, resulting from starch block electro-
phoresis, showed the most prozoning activity and bacteri-
cidal activity. The IgM and IgG fractions, isolated from
the ß- and y-globulins, showed only bactericidal- activity.
The IgA fraction, isolated from the ß-gIobul-ins, showed both
activities. These workers postulated that this manifestation
of the NW phenomenon is due to some property of the specific
IgA antibody. However, they admitted that the IgA fraction
was significantly contaminated with IgG immunoglobulin and,
more recently, Griffiss (f975) has added transferrin,
albumin and IgG degeneration products as probable contamin-
ants. The anticomplementary activity of the latter may
explain the observed prozoning activity. The observed
bactericidal activj-ty is not consistent with the established
properties of IgA antibody (Eddie et aL., L97I; Knop et
aL., I97L; Hed.dl-e et aL., L975) and was probably due to
the contaminating IgG antibody. For these reasons, this
study was inadequate to define what serum factor(s) are
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responsible for this prozoning phenomenon.
L.2.3 c1 inical Meninsococcal infection
Neíssería meníngítídis is a Gram-negative
bacterium that may cause septicaemia and meningitis
in humans. The immunological mechanisms, which enable
the infecÈed host to kitl meningococci, have evaded
el-ucidation since the earliest studies with this
bacterium. Matsunami and Kolmer (1918) first reported
that specific antiserum may not be bactericidal for
meningococci at low dilutions. They aLso demonstrated
an increase in the bactericidal activity of whole blood
from convalescing patients and immunized animals.
Citrated blood was used in the bactericidal assays. As
citrate ions are known to antagonize complement activities,
the bactericidal activity of citrated blood was probably
not complement-mediated.
As part of a general investigatíon of meningococcal
infection, Thomas et aL., (1943) , and Thomas and Dingle
(f943) estabtished that bactericidal activity frequently
occurs in the serum of normal humans and that there exists
an extraordinary variation in the sensitivity of various
meningococcal strains. Sera from convalescing patients
and immunized rabbits often showed no killing in the
bactericidal assay, but on dilution and addition of comple-
ment, they did show killing. These sera also abrogated
the bactericidal activity of normal sera, with no
demonstrable consumptíon of haemolytic complement. A
clear explanation of these observations was not given.
susceptibility of humans to systemic meningococcal
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disease is directly related to a deficiency of specific
antibody (Goldschneider et aL., 1969a) . These workers
found that sera from 5L/54 prospective cases of
meningococcal infection hrere deficient in specific
l
antj-body by bactericidal and fluorescent antibody assays.
A further study by these workers (Gol-dschneider et dL.,
l-969) reported sharp rises in serum bactericidal
activity and specific I9A, IgM and IgG antibody, follow-
ing carriage of a particular meningococcal serotype in
the nasopharyngeal area t oY following infection by that
serotype.
The serum bactericidal antibody profile of four
patients convalescing from recent meningococcal infection
$/as further studied by Griffiss (f975) . Sera were
fractionated in a series of chromatography steps. The
resulting IgG, I9M and IgA fractions were shown to be free
of contaminants by immunoelectrophoresis and quantitative
radial immunodiffusion. The whole sera htere bactericidal
but, for three patients, exhibited prozoning activity also.
IgM and IgG fractions v¡ere bactericidat but IgA fractions
were not bactericidal. This is consistent with the
reported inability of IgA antibody to participate in
complement-mediated cytolytic reactions (Ishizaka et aL.,
Lg65; F,ðd,íe et oL., I97I; Knop et aL,, I97L; Colten and
Bienenstock, I974; Heddle et aL., 1975) - Griffiss also
found that the IgA fractions could specifically inhibit
the bactericidal activity of both Igl.{ and IgG f ractions.
The extent of inhibition was directly proportional to the
ratio of the IgA immunoglobulin and the bactericidal
immunoglobulins. This study agrees with others on the
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ability of IgA antibody to ínhibit both bactericidal
(Eddie et aL., L97I; Hall et aL., 1971) and haemolytic
(Russell-Jones et aL,, 1980) reactions' mediated by
IgG and IgM antibody.
Griffiss concluded that specific but non-complement-
fixing IgA antibody can compete with IgG and IgM antibody
for antigenic sites on the target bacterial celIs. He
noted that significant inhibition could only be demon-
strated when quantities of IgA immunoglobulin, far in
excess of that in whole serum, rúIere added to the
bactericidal assay mixtures. He concluded that if IgA
is to account for the prozoning activity of these con-
valescent sera then it does so by an as yet undefined
mechanism. Thus, another manifestation of the NW
phenomenon remains unexplained.
In a further study, Griffj-ss and Bertram (L977)
postulated that the sera of individuals, susceptible to
meningococcal infection, contain low levels of specific
IgA antibody, that inhibits the complement-mediated killing
of N. meningítídis. These sera are already known not to
have specific bactericidal activity (Goldschneider et aL.,
I969a). Acute phase sera contained litt1e bactericidal
activity in the later study; however, when IgA had been
removed by affinity chromatograPhy, this activity was
significantly raised.
I.2.4 Less defined examples
The previous three sections deal with the three
commonly demonstrated and most thoroughly j-nvestigated
examples of the prozoning (NW) phenomenon in the serum
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bactericidal reaction. In particular, they deal with
the lack of bactericidal activity in low dilutions of
hyperímmune antisera and of convalescent sera, with
s. typhimurium, ^9. typhi, Br. abortus and N. meningitidi's
as the immunogens or pathogens. This section deals with
some less defined examples of this type of phenomenon
in clinical situations. It emphasizes the variety of
such situations that show similar features as those with
hyperimmunized laboratory animals.
Waisbren and Brown (1966) studied the serum
bactericidal activity of patients, chronically infected
with Gram-negative bacteria. Infected body organs
included the Iungs, peritoneum, heart and kidneys. The
infecting organisms included Pseudomonas, Proteus,
Salmonella and E. coLi strains. These two workers found
that the sera themselves faiLed to kiIl the infecting
bacterium in the serum bactericidal reaction, âs well as
inhibiting the bacterícidal activity of normal serum in
this reaction. The inhibitory activity was heat-stable
and specific for the infecting bacterium. Waisbren and
Brown stated that there was no correlation between the
serum inhibitory activity and haemagglutination or
agglutination titres, but the data presented was too
scanty for this conclusion to be scrutinized. The specific
antibody activities of only four sera \âIere calculated; the
haemagglutination activity of three seemed to correlate
with the inhibitory activity. They concluded that
specific antibody is responsible for this inhibitory
activity. Although the study did not endeavour to establish
whether bactericidal activity appeared on diluting the
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patient sera, all the cases cited were possibly examples
of the NW phenomenon.
Bacteria that cause systemic infections in humans
are nearly always serum-resistant (Roantree and Rantz,
1960). E. coLi strains, causing upper urinary tract
infection, are mostly serum-resistant and smooth (Kinbal1
et aL., L964). Gower et aL., (1972) discovered that, in
this clinical situation, the infecting E. coLí strain was
serum-resistant, or was serum-sensitive with no
bactericidal activity being present in the patient's serum.
They even cited one patient as developing an upper urinary
tract infection, although initially having normal serum
bactericidal activity. Specific haemagglutination titres
rose but the serum bactericidal activity disappeared. In
follow-up studies, the haemagglutination titres declined
and normal serum bactericidal activity returned. These
workers inferred that the lack of specific bactericidal
activity could be responsible for the continuation rather
than the establishment of chronic infection.
The sera from two such patients, infected with
Proteus mirabiLis, hrere investigated by Taylor (I972) .
They both lacked specific bactericidal activity and
inhibited the bactericidal activity of normal serum on
this bacterium. They were fractionated by coh.nnn chroma-
tography methods and the resulting IgG fractions appeared
to contain the inhibitory activity. IgM and IgA immuno-
globulins were shown to be absent from these fractions by
immunoelectrophoresis with class-specific antisera. Taylor
thus stated that specific IgG antibody is responsible for
the lack of specific bactericidal activity and the inhibitory
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activity in the serum of such patients. He also inferred
that, in such aberrations of the complement-mediated
bactericidat reaction, high concentrations of specific
IgG antibody effectively compete with the bactericidal
IgM antibody for antigenic sites on the target bacteria.
Human IgG antibody is bactericidal, although the sub-
classes widely díffer in complement-fíxing activity
(Spiege1berg, I974) . It seems likety that the studies
of Gower et dL. , and Taylor both refer to examples of
the N!{ phenomenon in the clinical setting. The exact
mechanism of this phenomenon is again unknown.
More recently, the serum bactericidal activity of
patients suffering from chronic rhinoscleroma was
investigated (Krasilnikov et aL. , L97 4) . This disease
is invariably caused by a Klebsiella species, and a
capsular form of this bacterium was used as the target
organism. Serum bactericidal activity was found to be
l-ow for sufferers but high for normal persons. The serum
of sufferers could also inhibit the bactericidal activity
of normal human serum and normal guinea pig serum. This
again appears to be an example of the NW phenomenon.
The seruln bactericidal activity of typhoid carriers
may relate to the NW phenomenon. Specific activity against
S. typhi is significantly lower in these individuals than
in non-carriers with or without any typhoid history
(Karolðek et aL., 1962; Karolðek et aL., 1975). Ciånár
et aL., (L975) claimed that there are increased leve1s
of specific IgA antibody and reduced levels of specific
IgM antibody in the serum of carriers. The evidence was
the result of absorbing these sera with H, O and Vi
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antigens of ,S. typhí and then measuring the level of
absorbed ant.ibody of each class. It was an indirect
and clumsy method to use. Karolðek et dL., (1975)
showed that serum from carriers assumed specific bac-
tericidal activity after absorption with Vi antigen.
They also postulated that specific but non-complement-
fixing IgA antibody in the sera of carriers compete
with IgM and IgG antibody, for antigenic sites on the
target cel1 waIl; due to its higher avidity, the IgA
antibody effectively competes and so little complement
fixation occurs on the bacteria. Unfortunately, insufficient
experimental data were provided to support the proposed
mechanism.
CHAPTER 1.3 Blocking phenomena associated with other
immune reactions
I.3.1 Introduction
There are a number of other instances in which an
immune reaction may be blocked by particular sera and by
particular serum components, or may display prozoning at
l-ow serum dilutions. The best known example of the latter
occurs in precipitation and agglutination reactions with
soluble and particulate antigens, respectively. Over forty
years â9o r studies htere undertaken v¿ith both protein
(Heidelberger and KendaII, 1935) and polysaccharide
(Heidelberger and Kendall, 1937 ) antigens. They estab-
lished that precipitates, from reaction mixtures of
constant antibody concentration but increasing antigen
concentrations, progressively appeared, peaked and lastly
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disappeared. The first of these three phases constitutes
a prozone-tike phase, due to excess antibody. The
antigen-antibody complexes are sma1l and so are still
solubIe.
The examples of blocking phenomena to follow are
more complex. Participation of particular classes of
antibody or other serum components, rather than of excess
antibody, is implicated. Their relationships to the ItrW
phenomenon are discussed.
1. 3.2 Aqqlutinins in clinical Brucellosis
The in uitz,o tube agglutination test has been a
serological aid in the diagnosis of human Brucellosis
for many years. A prozone phenomenon is frequently noted
with sera collected in the late acute and chronic phases
of this di-sease. With constant bacterial concentration
and increasing serum dilutions, a zone of no agglutination
(the prozone phenomenon) r then one of agglutination and
lastIy one of no agglutination (the antigen excess zone)
are frequently observed. The first zone often completely
masks the zone of agglutination, and this constitutes
part of the evidence for rejecting antibody excess as the
explanation for this prozone phenomenon.
The antiglobulin or modified Coombs test was found
to be a valuable aid in detecting and studying the
phenomenon (HaIt and Manion, 1953). A normal tube
agglutination test is performed and those tubes with no
agglutínation are centrifuged. The bacteria are washed
several times before being resuspended in and incubated
with a dil-ution of anti-human immunoglobulin antiserum.
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The antibody detected by this test is called blocking
or non-agglutínating antibody. Zinneman et aL., (1959)
established that it. appears late in the acute illness
and throughout the chronic illness. By using starch
block electrophoresis to fractionate serum, these workers
found the blocking antibodies to migrate with the
ß-globu]ins. They postulated that this prozone phenomenon
is due to the coating of By,. aboTtus cel1s by such block-
ing antibodies. Glenchur et aL., (1961) found that these
antibodies appeared in rabbit sera only after prolonged
and intensive antigenic stimulation. This seemed to
paral1el their appearance in human disease.
There is still conjecture over the class of anti-
body that this blocking antibody belongs to- Heremans
et aL., (1963) reported the presence of agglutinating
antibody in the IgG, IgM and IgA fractj-ons of sera from
two Brucellosis patients. Zinneman ¿t aL., (1964)
characterized the blocking antibodies as ßrO(VtO)
glycoproteins, with a MW of 180,000 and with similar
carbohydrate content as 7S y Z globulins. They were thus
identified as non-agglutinating antibodies of the IgA
cLass. The work of Dana-Arie and Serre (I974) supports
this. Hovrever, Wilkinson (1966) and Kerr et aL., (1968)
reported the presence of such antibodies in both the IgG
and IgA fractions of convalescent-phase sera, but not in
the IgM fraction. These differences probably rel-ate to
the dif f erent f ractionation procedures adopted, ho'a7ever,
there is a general consensus that specific IgA antibody can
function as blocking antibodY.
The appearance of blocking antibody in the serum of
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Brucel-losis patientsr or animals hyperimmunized with
this bacterium, paralle1s the appearance of the NW
pheno¡renon with this (see I.2.2) and other Gram-negative
bacteria (see 1.2.L and 1.2.3). Blocking IgA antibody,
incapable of fixing complement, may be responsible for
the NW phenomenon with Br". abontus and with other bacteria.
However, unlike the NVJ phenomenon, the prozone phenomenon
in the agglutination test can completely mask the active
zone of agglutination. This indicates a mechanistic
difference.
1.3.3 Pha tosis I honuclear celIs
In 1975, Lawrence et aL., discovered that human
polymorphonuclear (PMN) cells contained surface receptor
sites for unaggregated IgA myeloma protein. These sites
were distinct from those for unaggregated IgG myeloma
protein. Sera from patients with IgA myeloma $tere found
to suppress chemotaxis between PMN cells and a number of
chemotactic attractants (Van Epps and Williams, J-976) .
Littte or no suppression of chemotaxis was observed with
sera from patients having IgG myeloma or Waldenstrom's
macroglobulinaemia (IgM myeloma) .
Actual inhibition of phagocytosis by IgA was shown
by Wilton (1978). In this study, I9A from normal human
serum, a myeloma IgA and colostral IgA were all found to
inhibit the lgG-dependent phagocytosis of a pathogenic
yeast by PMN ceIIs. Involvement of the Fc portion of the
IgA molecules was found to be as necessary as the binding
of these molecules to the cells, for inhibition to occur.
Van Epps et aL., (1978) showed that IgA myeloma protein
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could also inhibit the phagocytosis of the bacteria,
E. coLi and StaphyLococcus auï'eLLs, both sensitized with
specific IgG antibody. The inhibition htas dependent on
the IgA concentration and only occurred when the IgA
I
was in a polymeric or aggregated form. These two
observations suggest that, in this type of inhibition,
steric hindrance has a major role; Fc receptors for IgG
on the ceII membrane are possibly blocked by bound IgA
molecules.
A similar explanation may apply to the NW
phenomenon. Specific IgA antibody may bind to the target
bacterial ce1ls and may then prevent the complement-fixing
antibody (IgG and IgM) from binding to antigenic sites.
I.3.4 Blocking of ragweed antiqen-induced histamine
release
Ragweed antigen is one of many allergens able to
trigger the release of histamine from the leukocytes of
allergic indíviduals. This is referred to as immediate
type hypersensitivity, and specific IgE antibody is known
to be the mediator of the phenomenon. Ishizaka (1970)
established that this antibody binds to the basophils
and mast cells of allergic individuals and then reacts
with the a1lergen. This action ultimately results in
the release of vasoactive substances from the cells.
Loveless, in 1940, first noted a blocking phenomenon in
the serum of patients, who had received vaccinations of
the pollen antigens to which they were sensitive. This
blocking activity was demonstrated in an in uitz'o assay
by Melam eú aL., (1971). They observed no histamine
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release when an antigen, previously incubated with the
serum of a vaccinated individual, was then reacted with
the leukocytes of an allergic individual.
This blocking activity has been explained by the
ability of blocking antibody from the immune sera to
bind to the particular allergen, and thus prevent the
latter from binding to the IgE-sensitized Ieukocytes.
Lichienstein et aL., (1968) used column chromatography
techniques to separate I9G, IgM and IgA fractions from
the pooled serum of 22 vaccinated individuals. Only the
IgG fraction showed blocking activity. These workers
proposed that specific IgG antibody is responsible for
the blocking phenomenon, althouþh an increase in specific
serum IgA antibody has been reported to occur during the
above-mentioned immunotherapy (oeuschl et aL., 1977) .
The blocking of ragweed antigen-induced histamine
release is an exampl-e of specific IgG antibody inhibiting
an immune reaction. In this case, specific IgG antibody
inhibits the binding of an allergen to IgE-sensitized
leukocytes. The NW phenomenon may operate in a simil-ar
way. Specific IgG antibody may saturate the target
bacterial cells and so sterically hinder complement
components from binding to their receptor sites on the
cel1s.
r.3.5 Immune haemolvsis
Both blocking and prozone phenomena have been des-
cribed for the immune haemolytic system, with sheep red
blood ceIls (SRBCs) as target cells, but with antisera
and complement from a number of mammal-ian species. There
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are basic similarities between these phenomena and the
NW phenomenon; this is expected as al1 are aberrations
of the cytolytic activity of complement.
Serum haemolytic complement is measured clinically
by a variety of methods, including the agarose plate
diffusion technique. In this, SRBCs are first sensitized
with rabbit haemolysín and then set in agarose ge1. Test
sera are pipetted into cut well-s and the agarose plate
is incubated at 37o. The diameter of the zones of
haemolysis around the wells reflect the levels of
haemolytic complement in the sera. Thompson and Rowe
(1967) reported that certain sera could cause an inner
zone of lysis r êD intermediate zone of no lysis and then
an outer zone of lysis. Such sera showed agglutination
in the antiglobulin test with SRBCs and anti-human IgG
antiserum, but not with anti-IgA, anti-IgM or anti-IgD
antisera. Thompson and Rowe fractionated these sera and
found that IgG antibody caused the intermediate zone of
no tysis to occur. They therefore concluded that such
human sera contain natural anti-SRBC antibody of the IgG
cl-ass, that can block the immune haemolytic reaction.
This appears to be another exampJ-e of IgG antibody
blocking an immune reaction in this case' a complement-
mediated cytolytic reaction.
Thompson and Rowe suggested three possibl-e factors
that could be operating in the blocking phenomenon in the
plate lysis assay. They are: (i) displacement of the cell--
bound rabbit antibody by human IgG antibody; (ii) a pre-
vention of the attachment of complement components to the
red ceIls, and; (iii) a competition for available
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compl-ement betvreen the rabbit antibody and the human
IgG antibody. They implied that the human IgG anti-
body is "non-lytic". Aho et aL., (1964) described
naturally-occurring human IgG antibody, specific
for SRBCs but unable to sensitize them for J-ysis due
to an inability to fix complement. Human antibody of
the entire I1GA subclass is unable to fix complement
(Ishizaka et aL., L970; Spiegelberg, l-974). It is
possible that non-complement-fixing IgG antibody sim-
ilarly competes with "lytic" antibody in the NW
phenomenon.
Bordet (1904) was the first to discover an in-
hibition or blocking phenomenon in the immune haemolytic
reaction. He found that guinea pig antiserum, specific
for rabbit serum, could inhibit the lysis of SRBCs,
sensitized with rabbit haemolysin. Romeyn and Onysko
(1-964) found that the relative concentrations of comple-
ment and guinea pig antiserum determines the degree of
inhibition, and that there is no complement fixation.
They concluded that the inhibition is due to a competition
between complement and guinea pig antibody for the same
or closely situated receptor sites on the rabbit haemo-
Iysin. A similar competition between complement
components and specific antibody, for receptor sites
on the target bacterial celIs, may exist in the NVü
phenomenon.
It is recognized that immune haemolysis can be
inhibited if high concentrations of some sensitizing
haemolysins are incorporated (Mayer, 1961). On
dilution of such haemolysins, there is a haemolytic phase
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and eventually a non-haemolytJ-c phase. Vlhilst inves-
tigating various facets of the NW phenomenon, Muschel
et aL,, (1969) used the seemingly identical prozone
phenomenon in immune haemolysis to see which, if ârIY,
complement components are fixed. SRBCs, sensitized with
a prozoning level of haemolysin did display immune
adherence. This indicated that C3 is fixed and is
activated on the RBC membrane. When prozoning SRBCs l^Jere
washed and then reacted with C-EDTA, these celIs lysed.
This indicated that CI, C4 and C2 are also activated in
the prozoning situation and that excess of the remaining
components of the classical pathway can abrogate the
prozone phenomenon. It is possible that saturating levels
of haemolysin may sterically hinder the short-1ived ltfAC,
incorporating components C5 to C9, from attaching to
receptor sites on the RBC membrane. By increasing the
concentratj-ons of these components, the steric hindrance
can be overcome. Such observations and conclusions may be
true for the NW phenomenon but one must remember that the
immunogens and target cells in the two systems are
chemically and biologically very different.
Russell-Jones et aL. , (1980) have re'cently shown
that specific IgA antibody can inhibit the IgG antibody-
dependent lysis of trinitrophenyl-SRBcs by complement.
Perhaps this IgA antibody has an important role in the
prozone phenomena of both systems.
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CHAPTER 1.4 Previous investigations of the maior
parameters of the Neisser-Wechsberq phenomenon
l. 4.1 Vaccination schedule
I The nature of the vaccination schedule with Gram-
negative bacteria is important in the development of this
prozoning activity in rabbit sera. In particular, the,
dose and frequency of vaccinations, plus the time span
of the schedule' are imPortant.
Neisser and Wechsberg (190I) first stated that a
lengthy vaccination schedule is required before an anti-
serum shows good prozoning activity in the bactericidal
reaction. More recently, Joos and HaIl (f968) showed
that whole blood from normal rabbits, and rabbits
vaccinated intravenously, with one dose of heat-killed
Bt,. abortus bacteria, were bactericidal for this bacterium.
However, whole blood from rabbits, hyperimmunized with such
a dose (once a week for B weeks) , was not bactericidal.
Daguillard and EdsaII (1968) refuted the need for
a lengthy and intensive vaccination schedule. They
injected rabbits with various doses (0.S to 3.Omg) of
S. typhi 0901 bacteria. The injections were three days
apart and numbered between three and six. The rabbits
\^/ere then bled. af ter 7 and 60 days, and 9 days af ter re-
injection with the highest dose. Specific IgG and IgM
antibody pools from all three bleeding dates showed pro-
zoning activity. Titres hlere not stated for the three pools
and. flaws in the experimental design reduce the validity
of the conclusions reached by these workers (see I.2.I also).
Their results contradict a11 other published results on
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this subject. For example, Normann (I972) vaccinated
rabbits with ^9. typhimurium 395 [{Ro bacteria in a long
schedule (0.2mg injected. thrice weekly for g *".L=) and
a short schedule (0.15 to 0.75m9 injected thrice over 15
days). Antisera from the long schedule consistently
showed lower haemagglutination titres but higher pro-
zoning titres in the bactericidal assay, than those from
the short schedule.
The need for a lengthy vaccination to produce good
prozoning activity in rabbit antiserum correlates well
with the cl-inical situation in humans. A number of
workers (Waisbren and Brown, 1966¡ Gower et aL., 1972)
have shown that serum from patients, with a chronic Gram-
negative bacterial infection, often lack specific
bactericidal activity. During such chronic infections,
the immune system is frequently being challenged with
bacterial antigens over an extended period.
The development of the prozoning activity in relation
to other immunological parameters (e9., bactericidal titre,
haemagglutination titre), during and after the vaccination
period, has not been investigated thoroughJ-y. There have
been many studies of the concentration and avidity of
antibody, following single and repeated vaccinations of
rabbits with haptensr or whole Gram-negative bacteria or
their LPS.
Studies of primary responses with haptens, such as
dinitrophenols, have established that there is an j-ncrease
in the affinity constant of specific antibody with time.
This increase is most obvious when small doses are used
(Eisen and Siskind, L964¡ Goidl et aL., 1968). Makela et
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qL. , (L967 ) showed that specific serum IgM and colostral
IgA antibodies can appear 4 days after a single
vaccination and thât serum IgG antibody appears 7 to 11
days after the vaccination. He also found that the
early IgM and. IgA antibodies had low affinities for the
hapten but the IgG antibody had high affinity. The
affinities of aII three antibody classes rose with time.
Other studies revealed that there is a gradual shift,
from a normal distribution of affinity about a low mean
value, to a distribution skewed towards higher affinity,
with time (werblin aú qL., 1973a; Werblin et aL., 1973b).
There have been similar studies of antibody
avidity during vaccination schedules with Salmone]Ia
bacteria. Robbins et aL., (1965) showed that specific
IgM antibody is more active in secondary antigen-
antibody interactions (eg., agglutination, opsonization
and complement-mediated killing) but is less avid than
IgG antibody, during the primary response of rabbits to
S. typhímuTium. Gupta and Reed (1971) showed that the
primary antibody response to vaccination with
S. enteyit¿d¿s peaks early (day I0) , with IgM antibody
accounting for over half of the antigen binding capacity.
The latter rises significantly on further vaccination,
with the contribution by I9M antibody declining with time.
Schulkind et aL., 0972) noted a progressive increase in
the avidity of both IgM and IgG antibodies, following
primary and secondary vaccinations of rabbits with
s. typhimunium. They also showed that specific IgM anti-
body is more active in complement-mediated killing and
agglutination, and that these Specific activities increase
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with time for both IgM and IgG antibodies.
Holmgren and Svennerholm (1972) studied the
immune response of rabbits to challenge by Vibrío choLeva.e.
They showed that antibody of the primary response has
lower avidity than antibody of the secondary response,
and that the avidity is inversely proportional to the
booster antigen dose. Ahlstedt ¿t aL., (1973) confirmed
these findings by studying the immune response of mice
to chaltenge by E. coli LPS. Here, the increase in
avidity paralleled the rise in specific IgG antibody;
IgM antibody peaked at day 4 and significant IgG anti-
body appeared by day 30.
It seems fair to say that, if specific antibody is
a major factor in the NW phenomenon, it would be an avid
antibody as prozoning activity appears late in rigorous
vaccination schedules. This antibody could well be of
the IgG or IgA c1ass, as both peak at this tirne.
L.4.2 The role of bacteria
It appears that specific antibody of a prozoning
antiserum must bind to the corresponding Gram-negative
bacteria, for the NlrI phenomenon to be evident. The addition
of complement to sensitized, then washed S. typhi ceI1s
(Daguillard and Edsa]l, 1968; Muschel et dL., L969) and
,S. typhimurium cells (Norman et aL., 1972) has no effect
on the prozoning titres of the sensitizíng antisera. How-
ever, few studies have been done on the actual antigeníc
sites involved on the target bacteria; the effect of
varying bacterial numbers on the prozoning activity of
antiserum, and; the effect of incorporating bacterial
56.
strains of the same species, but with different celI waII
structures, on the prozoning activity.
, The antigenic sites of Gram-negative bacteria,
that are involved in the complement-medíated bactericidal
reaction, have been well characterized. The LPS component
of the outer ceIl membrane and, in particular, the poly-
saccharide or O-somatic antigens are the initiaL sites
with which bactericidal antibody combines (Cundiff and
Ir{organ, I94I; Adler, 1952¡ Muschel , L960) . There is
some evidence to suggest that this is also true for the
prozone situation. Thus, the prozoning activity of
hyperimmune rabbit antiserum was found to be specific
for the immunizíng R-mutant of S. typhimuz,ium or for
mutants of the same chemotype (Edebo and Normann, 1969).
There has been no further study on this subject.
Work by Normann et aL., (L972) indicated that the
NW phenomenon is insensitj-ve to bacter j-a1 numbers. A
hyperimmune rabbit antiserum showed the same prozoning
activity when it was incorporated into bactericidal assays
with S. typhimut,ium cells, numbering between 2 x I03 per
mI and 2 x lOB per mI. This insensitivity to bacterial
numbers indicates that perhaps steric hindrance, due to
saturating leve1s of specific antibody, does not satis-
factorily explain the NW phenomenon.
Hyperimmune rabbit antiserum, specific for a smooth,
virulent strain of ,5. enteritidis, showed good prozoning
activity with this bacterium. This is a clear example of
a Gram-negative bacterium, with a fuII or complete LPS
structure, displaying the NW phenomenon. Any correlation
of the prozoning activity, with strains having incomplete
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LPS structures (R-strains) r was not undertaken. This
area seems important because, as mentioned before, a
saturation of the bacterial ceI1 by specific antibody
is one possible mechanism f or the NW phenomenon (t"luschel '
1965; Ir{uschel et aL., 1969) . There may well be a guan-
titative difference in the prozoning activity of an
antiserum when it ís incubated with a R-strain, having
less antigenic sites.
I.4.3 The role of complement
An early observation, made about the Nt{ phenomenon,
was that there was no haemolytic complement consumption
(Thomas and Ding1e, 1943) . However, MuscheL et aL.,
(1969) later demonstrated considerable haemolytic comple-
ment consumption, in the prozone situation with ^5. tgphi
cel-Is and hyperimmune rabbit antiserum. These contradictory
reports may reflect basic differences in the nature of the
two prozoning situations, as Thomas and Dingle used
N. meningítid¿s bacterj-a in their study. It should also
be remembered that specific IgG antibody has been
implicated in the prozoning situation with SalmoneLLae
(Normann et dL., L972) ¡ whilst specific but non-complement-
fixing IgA antibody, in the serum of patients convalescing
frorn meningococcal infection, has been assigned inhibitory
activity (Griffiss, f975).
Muschel et aL., (1969) assumed that the mechanisms
of the prozone phenomena in the immune haemolytic and serum
bactericidal reactions htere similar. This group demon-
strated immune adherence with prozoning SRBCs, and so
inferred that there is a corresponding activation of the
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first four complement components (CI, C4, C2, C3) in
prozoning míxtures in the bactericidal reaction. The
addition of C-EDTA to prozoning SRBCs resulted in the
total lysis of these ceIIs. This provided further evidence
for the activation of the first three components in the
apparently similar situation of the bactericidal reaction.
This is the only study that has investigated which
complement components are activated in the NW phenomenon.
The prozone phenomenon can be abrogated by the
addition of a sufficiently hiqh concentration of whole
complement. There have been no reports to the contrary. This
result has been demonstrated with It/. meningitidis (Thomas
and Dingle, 1943; Thomas et aL., 1943ì Br- aboytus (Joos
and Hal-I, 1968) and ,5. typhí (Muschel et aL., 1969) . The
Iast report provided evidence suggesting that the pro-
zoning activity of a hyperinìmune antiserum is inversely
proportional to the complement concentration-
In sunìmary, although it is certain that excess
complement can abrogate the NW phenomenon, the questions
of which complement components, íf âDY, are activated in
this prozoning situation and why the cytolytic pathway
fails, remain unanswered.
L.4.4 Serum fractionation studies
Various workers (Waisbren and Brown, 1966¡ Muschel
et aL., L969; Normann et 4L., L972) have suggested that
antibody specific for the LPS of bacterial outer membrane
is important in the NW phenomenon. This was realized by
observing that (i) a prozoning situation remained after
sensitized bacteria v/ere washed and then incubated with
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complement, and (ii) prozoning activity was removed from
an antiserum by absorbing it with the LPS of the
corresponding bacterium.
Another approach in the study of the role of anti-
body in the phenomenon has involved the fractionation of
prozoning antiserum by physicochemical means, and the
subsequent characterization of the fractions. This
characterization has included the concentration of
particular immunoglobulin classes, the prozoning activity,
the bactericidal activity, etc.
Daguillard and Edsal1 (1968) undertook the first
such fractionation study using rabbit antiserum specific
for 5. typhi. Antibody, specific for the O-somatic
antigens were adsorbed to and eluted from Salmonella
bacteria with a common O-somatic antigen. The specific
antibody was then separated into IgM and IgG fractions by
gel filtration and anion-exchange chromatography. Pro-
zoning activity was noted with 1ow dilutions of both
fractions, in the bactericidal- reaction with ^9. typhi.
The step, separating specific antibody, has already been
criticized for the probable inactivation of complement-
fixing sites on the IgM antibodyr so creating potential
"blocking antibody" (see I.2.I). This is supported by the
observation that no prozoning activity could be demonstrated
in the IgM fraction of the whole antiserum. This study was
also misleading because no mention \^Ias made of IgA anti-
body. The unidentified ß-globu1i-n component, appearing
only late in the vaccination schedule, ñây have been the
increasing level of specific IgA antibody (Heremans et qL.,
1963) .
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Muschel et aL., (f969) also fractionated anti-
serum specif ic for ,9. typhi by gel f iltration and
ultracentrifugation. The description of their procedures
was scanty but they appeared to be relatively crude.
I
Most fractions with bactericidal- actívity also showed
prozoning activity. The heaviest fraction from the ultra-
centrifugation method contained the highest prozoning
activity. This fraction presumably contained IgM antibody;
howeverr rro detailed immunochemical analysis of the
immunoglobulin classes, contaj-ned in each fraction, was
included.
Hal1 et aL., (1971) applied more exacting
fractionation procedures to hyperimmune rabbit antisera,
specific for Br,. aboz.tus and with prozoning activity. They
first separated ß- and y-globulins by starch block electro-
phoresis. They then used gel filtration (Sephadex G-200)
to separate the ß- and y-globulins into IgM and TgG/rgA
fractions. The latter two immunoglobulins $tere separated
by anion-exchange chromatography on DEAE-Sephadex. Only
the resulting IgA fraction exhibited prozoning activity
in the bactericidal reactionr it also inhibited the
bactericidal activity of the IgM and IgG fractions. How-
ever, the IgA fraction did show killing at higher dilutions.
IgA antibody is not bactericidal (Knop et aL., I97I; Eddie
et aL., I97L; Heddle et aL., L975), and the observed
kilting was probably due to the admitted 15 to 202 con-
tamination by IgG. Anticomplementary breakdown products
of immunoglobulins êg., IgG Fc fragments (Plaut et dL.,
1972\ , may also have contributed to the prozoning and
inhibitory activities, as suggested by Griffiss (1975).
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Griffiss improved the previous fractionation
procedure, by using immunoadsorbent columns specific for
particular immunoglobulin classes, in an investigation of
the reduced serum bactericidal activity of patients
convalescing from meningococcal infection. Tests for the
purity of individual immunoglobulin class preparations
were more exacting and concentrations, in mg per ml, were
calculated. Again, the IgA fraction was found to inhibit
the bactericidal activity of both IgM and IgG fractions'
However¡ âs with the study by HalI et dL., (I97I), this
inhibition only occurred by adding IgA far in excess of
the serum concentration.
Inaclj-nicalstudy,Taylor(L972)examinedthe
prozoning sera of two patients, convalescing from Pz'oteus
miz,abiLis infections. The sera were subjected to gel
filtration on Sephadex G-200 and the resulting 75 fraction
was subjected to anion-exchange chromatography on DEAE-
sephadex. Prozoning and inhibitory activity in the
bactericidal reaction only appeared in the IgG fraction.
This fraction identified with IgG immunoglobulin in an
immunoelectrophoresis test and was shown to be free of
other serum proteins by immunodiffusion and polyacrylamide
gel electrophoresis tests. Normann (L972) also demonstrated
prozoning activity in the IgG fractions of hyperimmune
rabbit antisera, specific for s. typhimurium. These
fractions, twice chromatographed on DEAE-ceIIuIose, showed
only one precipitin line, identifying with IgG immuno-
globutin, in immunoelectrophoresis tests. They also
sh<¡wed a sedimentation coefficient consistent with IgG by
analytical ultracentrifugation .
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In srrtnmary, particular or all immunoglobulin
classes have been implicated as participating in the NIV
phenomenon, by various workers. Serum fractionation
methods have often been incomplete and tests for the
purity of resulting fractions have been lacking.
InvestigaÈions, using the more rigorous techniques,
have indicated that IgG antibody can mediate the NV'l phen-
omenon and that IgA antibody can, at least' inhibit the
bactericidal activity of IgM and IgG antibodies.
CHAPTER 1.5 Speculative mechanisms of the Neisser-
Wechsberg phenomenon
The main aim of this thesis is to provide an
expl-anation for the mechanism of the NW phenomenon, based
on experimental evidence gained from one laboratory example.
This involves the serum-sensitive ,9. typhimurium M206
strain and rabbits immunized against it. There have been
many hypotheses reported for the same and similar prozone
phenomena in the serum bactericidal reaction. All the
past and presently possible explanatj-ons for the NW
phenomenon are listed below. It is possible that severaL
of the latter contribute to the phenomenon.
I. Neisser and Wechsberg (1901), the discoverers of
the phenomenon, believed that excess free antibody, present
in the lower antiserum dilutions, fix complement and so
deviate it away from the target bacteria. This explanation
rr¡as offered at a time when the activation of complement by
specific antibody was poorly understood. The necessity
of antibody to be structurally altered, by union with its
63.
antj-gen, before being able to fix complement (Pecht et
aL., L977) was not recognized. Because free antibody
ís i4capable of fixing complement, this original explan-
ation is most un1ikely.
2. Wilson and Miles (1957) provided an explanation
that was popular before 1960. They stated that the NW
phenomenon is similar to the prozone phenomenon seen in
the antibody excess zones of precipitation and
agglutination curves (Heide:Lber.ger and Kendal1, 1935;
Heidelberger and KendalI, 1937). Agglutination of target
bacteria was regarded as an initial step in the serum
bactericidal reaction and it could not occur with excess
antibody. The current understanding of the bactericidal
reaction does not Ínvolve this agglutination as a necessary
stepj thus, this explanation is very unlikely.
3. Muschel (1965) suggested that the surface of pro-
zoning bacterial cells is saturated with specific antibody
molecules (particularly of the IgG class) from low dilutions
of hyperimmune antiserum. Initial complement attachment
and activation, via these bound antibody molecules, or
attachment and activation of later-acting complement
components is therefore sterically hindered. Either
explanation is consistent with current understanding of
the serum bactericidat reaction. Initial complement
attachment may not be successful due to only one Fab site
per antibody molecule binding to antigenic sites on the
bacteria, âs suggested by Boyden (¡luschel, 1965) . Perhaps
the terminal components of complement, assembled together
as the relatively large MAC, are sterical-Iy hindered from
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their binding sites on the bacteria. The inhibitor,
S-protein (Podack et aL,, L976) may then rapidly in-
activate the llAC.
4. Coombs (Muschel, 1965) suggested that soluble
bacterial antigen, in particular LPS, combines with the
excess antibody in the bactericidal reaction mixture.
Complement is then activated in the fluid-phase and is
deviated away from the target ceLls. A consequence of
this is that sensitized, then washed, bacteria would not
display the prozone phenomenon, if incubated with complement.
5. Benacceraf (lvluschel, 1965) suggested that there may be
differences in the lytic capability of different antigenic
sites on the target bacteria. Hyperimmune antiserum may
contain a high proportion of antibody specific for those
of low lytic capability. With 1ow dilutions of the
antiserum, complement components may therefore be deviated
away from the sites of high lytic capability.
6. Muschel et aL., (1969) suggested that anticomplementary
factors in hyperimmune antisera, especially when heat-
treated, play an important role in the NW phenomenon. Sera
with elevated y-gIobulin levels êg. t hyperimmune antisera,
have been known to have anticomplementary activity for many
years (Davis et qL., 1944). P1aut et aL., (1972) showed
that Fc fragments of Iglv1 can fix complement. Both heat-
labile and heat-stable anticomplementary activities have
been shown to appear on heating sera at 560 (Soltis et
qL., L979) . Complement components may be removed in the
fluid-phase of a bactericidal assay mixture by such
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factors, existing in the low dilutions of
antj-serum. Sufficient complement to kill
bacteria, Rây then noÈ be present.
hyperimmune
the target
7. A popular explanation is that "Iytic" and "non-
lytic" antibodies compete for avail-able antigenic sites
on the target bacteria. The "non-Iytic" antibody has been
described as not fixing complement or as deviating
complement components. Such antibody effectively competes
for antigenic sites and so inhibits killing, when present
in high concentration ie., at low dilutions of antiserum.
Non-complement-fixing IgA antibody is an effective
inhibitor of the bactericidal reaction, medj-ated by both
IgM and IgG antibodies, in both laboratory and clinical
situations (Joos and Hal1, 1968¡ HalI et aL., I97I; Griffiss,
1975; Griffiss and Bertram' 1977). However, the
concentration of IgA antibody required for this inhibition'
is far in excess of what exists in the whole antiserum.
Several workers (Taytor , I972¡ Normann, Lg72) have
proposed that IgG antibody is responsible for the NW
phenomenon. Subclasses of I9G, from a number of mammalian
species are known to lack complement-fixing activity. The
species include humans (Spiegelberg, l-974) , guinea pigs
(sirofák et qL., Lg76), mice (Ey et aL., 1980), and
rabbits (Rodney et aL., L979). Perhaps, non-complement-
fixing IgG antibody effectively competes for the antigenic
sites in the prozoning situation; orr as Normann et aL.,
(1972) suggested, cell-bound IgG antibody fixes complement
but deviates it to a non-lytic pathway.
Another possibte explanation is that there exists
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in prozoning antisera antibody, specific for some
bacterial component (eg., ceIl waII protein) , but unable
to fix coniplement. This antibody may combine to target
bacterial celIs in the prozoning situation and so
sterically hinder the binding of complement-fixing
antibody, specific for "lytic" antigenic sites or stericaJ-Iy
hinder complement components.
B. The hydrophilic nature of the outer cell membrane
of Gram-negative bacteria is altered by the binding of
specific antibody of the IgG class (Mudd, L934; Stendahl
et aL., 1977); it becomes more hydrophobic. Perhaps, the
surface of bacteria in the prozoning situation is so
neutralized., by the high level but not necessarily
saturating level of specific IgG antibody, that it
repels complement components. The latter may well be the
amphiphilic (Bhakdi et aL., l-97B) uac of complement, ie.,
the C5b-9 dimer (Biesecker et aL., L979).
CHAPTER I.6 Aims of the thesis
Preceding sections of this chapter have revealed
that there is much diversity of thought concerning the
nature of the prozone phenomenon in the complement-mediated
bacterj-cidaI reaction. There has often been disagreement
in experimental data when workers have studied the same
facet of this phenomenon. Either, a number of mechanisms
may operate, depending on the type of bacterium involved;
ot t there is one mechanism, but some of the past investi-
gations have been defective in experimental design or
execution. The aim of the work, reported in this thesis,
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has been'to revise and extend the experimental data on
the NW phenomenon and so present an explanation of the
mechanism(s) that are oPerating.
Two important issues needed to be resolved first.
Namely, (i) does the phenomenon operate in the fluid phase
of the bactericidal reaction mixture, on the target ce1ls,
or both, and (ii) does complement activation actually
occur and., if so¡ does it occur in the fluid-phase or on
the cel1s.
Firm evidence was obtained that the NW phenomenon
operates only in conjunction with the bacterial celI
surface and so it was then important to establish the
bacterial structure(s) involved. Damage to both the outer
and inner cell membranes is believed to occur in the serum
bactericidal reaction, and the O-somatic antigens of the
outer membrane are important sites for fixing at least the
first component of complement. Firm evidence was also
found that complement activation occurs SoIeIy on the
target cells and not in the ftuid-phase. It was then
important to determine at which step the cytolytic path-
way was aborted or deviated, and why.
Antibody, specific for the target bacteria' appears
to be important in the NW phenomenon. There are
investigations of the bacterial structure (s) that this
antibody is specific for, the class or subclass that this
antibody belongs to and the complement-fixing activity of
this antibody. A study of the extent to which this anti-
body saturates target cells in a prozoning situation has
important consequences to the understanding of the phenomenon.
The NW phenomenon is often demonstrated with the
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blood and serum of mammals exposed to Gram-negative
bacteria, whether by infection or by immunization. It
appears to be an in Ð¿uÒ phenomenon, not just one observed
in the in uitro bactericidal reaction. An understanding
of its mechanism must help in the understanding of the
immune response of the host and of the serum bactericidal
reaction. The phenomenon may not be an important factor
involved in the persistence of such infections to the
chronic stâge, but it must be an important consequence.
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CHAPTER 2 MATERIALS AND METHODS
CHAPTER 2.L Bacteria





A rough Re mutant strain derived from the smooth
218s strain. The LPS of the outer membrane consists
only of the core components lipid A' KDO and
ethanolamine (Luderitz et aL,, 1966).
^9. minnesota R5
A rough Rc mutant strain derived from the smooth
2IBs strain. The LPS Of the Outer membrane consists
only of the core components lipid a, KDO'
ethanolamine, heptose and glucose (l,uderitz et aL. '
le66) .
,9. typhimunium C5 (O:1,4,5,12)
A smooth strain that is virulent for mice (Furness
and Rowley, 1956).
^9. typhimurium M2O6 (O:l,4,5,I2)
A smooth strain that is avirulent for mice, is
serum-sensitive and was originally described by
Jensen (L929\ . More recently, its antigenic
structure has been compared to that of s. typhimurium
C5 (Archer and RowleY, 1969).
5. tgphimuriun G30
A rough Rc mutant strain that is deficient in uridine
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diphosphate- -galactose epimerase (UDpc-
epimerase). The LPS consists of the core com-
ponents Lipid A, KDO, ethanolamine, heptose and
glucose when ce1ls are grown in the absence of
galactose (Osborn et aL. , l-9641 .
S. typhimunium TV119
A rough Ra mutant strain, derived from the smooth LT2
strain. It lacks only the O-somatic antigens from the
LPS of the outer membrane (Nikaido et aL. , L964) .
Figure 2.L shows the general LPS structure of the
S. minnesota and ,5. typhimuz.ium strains listed above.
Al-l- above strains were stored in the f reeze-dried state.
When in use, they b/ere maintained on nutrient agar slopes.
2.I.2 CeI1 components
(a) Acetone-dried cel-Is of ,5. typhimunium M206,
^9. typhímurium TVII9 and S. minnesota R595 $rere
prepared as described by Sutherl-and (Weir, J-973) .
(b) Lipopollzsaccharide fractions were prepared from
S. typhimurium C5 and M206, and 5. derby by the
phenol-water extraction method (Westphal et aL.,
19521 . Precipitation in alcohol, enzymatic
treatments (to remove nucleic acids and protein)
and washing by ultracentrifugation further purified
these LPS preparations.
(c) Outer cell waIl protein was prepared from
.9. minnesota R595 cells by the Triton X-l-00
extraction method of Schnaitman (L974) .
FIGURE 2.I
Lipopolysaccharide structures of the
^9. tuphímuv,ium and S. minnesota
strains used in this study
^9. typhímuníum LT2, C5 and M206 strains and S. minnesota
2IBS are all smooth strains; S. typhdmurium TVII9 is an
Ra mutant strain; S. typhimuz'ium G30 and 5. minnesota R5










The figure shows a "monomer unit"; a molecule of LPS Ís
thought to contain three such monomer units linked



























(adopted from fig 1,Smit et a1,1975)
SMOOTH
7r.
2.r.3 Sensitization with Lipopolysaccharide
s. minnesota R595 celts \^rere sensitized with the LPS
fract,ion of 5. typhímuríum c5, by incubating a suspension
of the log-phase cerrs in ttg2+ sarine (s x ro8 cerrs per mr)
with C5 LPS (I.0 mg per ml) at 37o for 30 minutes. the
cel-]s were then washed twice and resuspended in t"tg2+ saline,
prior to their use as target cells in a bactericidal assay.
2.r.4 Identification of the 5. tuphímurium G30 strain
(a) 4:0 asqlutination test to distinguish the rouqh
and smooth forms
A thick suspension of cells was made in N-saline on a
glass slide. A drop of antiserum, specific for the Salmonella
o antigen 4 (wellcome Research Labs. Beckenham, Engl-and) ,
was added and mixed. The slide was rotated for about 20
seconds and it was observed for macroscopic clumping of the
bacteria, compared to a saline suspension control.
smooth strains of s. typhimurium possess the o-somatic
antigens L , 4 ,5 , L2 (Kauf fmann, L97 5) . Their cells shoul-d
therefore agglutinate in the presence of the 4-0 antiserum.
Cells of the G30 strain are normally rough and so should
not agglutinate. Only when grown in the presence of
gialactose, do they change to the smooth form (Osborn et aL. '
L964) and so be expected to agglutinate in this test.
(b) Acriflavine agg Iutination test to distinquish




suspension of ceLls was mad,e in N-saline on a
A drop of I:1000 (W/v) acriflavine solution in
added and mixed. The slide was rotated for
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about 20 seconds and it was observed for macroscopic
clumping of the bacteria, compared to a control suspension
of the smooth form.
Agglutination índicates that the cells are rough and
possess an incomplete LPS (WiIson and Miles, 1957). This
means that G30 cells should show no agglutination only when
grown in the presence of galactose.
(c) Galactose fermentation test to identify the strain
A few drops of log-phase cells in nutrient broth (see
2.5.L) were added to duplicate bottles of phenol red-
peptone water, with and without 1å galactose (see 2.2.5) .
The lids were left a l-ittle loose and the bottles were
incubated overnight at 37o.'
The ability of bacteria to ferment galactose, and so
effect a colour change from red to yellow, depends on the
presence of the enzyme UDPG-epimerase (N,ikaido, L96I¡
Osborn et aL., 1964) . The c30 strain does not possess this
enzyme and so should show no colour change.
CHAPTER 2.2 Media, solutions and buffers
2.2.I Nutrient agar slopes




distilled water and dispensed j-nto narrow neck
After autoclavirg, the bottles were tilted and




Oxoid Nutrient Broth \^/as prepared, and suitable volumes
were dispnsed into screw-top glass bottles and autoclaved.
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2.2.3 Nutrient agar plates
20 mI aliquots of sterile Oxoid Diagnostic Sensitivity
Agar mixture $rere dispensed into sterile plastic petri-
dishes. The agar \^/as allowed to set and the surface was
dried. These plates r¡rere used to subculture individual
bacterial colonies from the stock growth on slopes and for
the bactericidal assays.
2.2.4 Brain heart infusion broth
Suitable aliquots of Oxoid Brain Heart Infusion Broth
were dispensed into screw-top glass bottles and then auto-
claved.
2.2.5 Phenol red-p eptone water
Oxoid Peptone Water was prepared, wJ-th phenol
as an acid-base indicator. Galactose (IZ W/V) was





2+ 2+2.2.6 0.002 M Ms saline (Mg saline)
0.2 mI of a stock 1.0 M MgSOn solution in 0.9? NaCI
(N-saline) was mixed with 1.0 litre of N-satine, the pH
was adjusted to 7.2 and 100 mI aliquots in screw-top glass
bottles were autoclaved.
2.2.7 Veronal-buf f ered sal-ine (VBS)
500 ml aliquots were prepared in screw-top grass bottles













The pH was adjusted to 7 .2, when necessary.
the diluent used in immune haemolytic assays.
This was
2.2 .8 Tris-HCl buf f er, 0 . 1 M
This was prepared by mixing 450 mI of 0.2 M hydro-
chloric acid, 500 mI of O.2 M TRIS and distilled water to a
final volume of 1.0 l-itre. The pH was adjusted to 7.2 and
l-00 mI aliquots in screw-top glass bottles were autoclaved.







Distilled water was added to 5.0 Iitres and the pH was
adjusted to 8.0, when necessary. This buffer was used in
serum fractionation procedures.
2.2.IO Phosphate buf f er, pH 7 .2
Disodium hydrogen phosphate 0.724 g
Potassium dihydrogen phosphate 0.2I g
Sodium chloride 7.65 g
Distilled water was added to 1.0 litre and the pH was
adjusted Lo7.2, when necessary.. This buffer was used in
the separation of specific antibodies from whole antiserum
raised against .9. typhimuz,ium M206.
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2.2.LL Citr ate buffers, 0.05 M
Buffers of various pH values were prepared from stock
0.15 M solutions of citric acid (A) and sodium citrate (B) :
pH 7.0 1.0 mI A + 99-5 mI B
pH 6.0 I5.0 ml A + 125.0 mI B
pH 5.0 25.0 mI A + 90.0 ml B
pH 4.0 45.0 mI A + 90.0 mI B
pH 3.0 82.0 mI A + 48.0 ml B
one volume of the above mixtures was added to two
volumes of 0.2 M sodium chloride to arrive at a 0.05 M
concentration. These buffers were used in serum fraction-
ation procedures.
2.2.L2 Barbitone buffer, 0.05 M
This was prepared by mixing 250 mI of 0.2 M sodium
barbitone, 63.5 mI of 0.2 M hydrochloric acid and distilled
water to a final volume of 1.0 litre. The pH was adjusted
to 8.2, when necessary. This buffer was used in immuno-
diffusion (ID) and immunoelectrophoresis (IEP) procedures.
2.2.L3 Borate buffer
Boric acid, 6.L84 g
Sodium tetraborate 9.536 I
Sodium chloride 4.384 g
Distilled water was added to 1.0 litre and the pH was
adjusted to 7.4, when necessary. This buffer was used in
binding studies with radiolabelled protein A.
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2.2.L4 Tris-EDTA-Saline-Azide (TESA) buffer
Trisma base








Distilled water was added to 1.0 litre and the pH was
adjusted to 8.0, when necessary. This buffer was used in




^9. typhimurium M206 cells were grov,tn up overnight at
37o in nutrient broth. on the following d-y, 4 x 108 or
4 x 109 cells (estimated bV ODU50nm values) were centri-
fuged at 2,000 g for 10 minutes. They Ì^rere washed once
in N-saline, centrifuged again and resuspended in 2.0 ml
of N-saline. The suspensions (2 x l-08 or 2 x 109 ce1ls
per ml) \Árere finally heated to 560 for 60 minutes to kill the
cells.
2.3.2 Immunization schedules
The schedules closely followed that of Muschel et aL. ,
(1969) . Rabbits P,S,A,C and G were injected with bacterial
vaccines each week and they $/ere also bled each week. On
the same day, blood was collected from the vein of the left
ear and then vaccinations $rere given in the vein of the right
ear. 2 mI aliquots of the sera $/ere stored at -73o. Detaj-Is
for individual rabbits follow.
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(a) RabbitsPandS\^tere inj ected
108 heat-killed M206 cells, once a week
After { lapse of three weeks, they were
venously with 109 heat-kilIed cells over
samples of blood were collected several





days after the l-ast
(b) Rabbits A and C were generousty bled then injected
o
intravenously with I0' heat-kiIled M206 ceLls once a week
for seven weeks. Both rabbits were also bled two weeks
after the last vaccination. Further details on this, the
most rigorous, schedule follow in 4.2-L.
(c) Rabbits G (two) were in jected intravenously with
108 live M2O6 cells once each week. The vaccination was
continued and the rabbits were not bled before ten weeks.
A bleeding occurred whenever a large sample of hyperimmune
antiserum was required.
2.3.3 Monospecific antiserum preparation
By this procedure, an antiserum specific for only the
Salmonella O-antigen 5 was prepared from a hyperimmune
antiserum specific for 5. typhimurium M206 (0:I,4,5,L2).
The recommended procedure of Kauffmann (1975) was followed.
S. derby (0:1,4,L2) bacteria were grown up ovêrnight
in nutrient broth at 37o, from a single colony. About 1012
cells in 500 mI of this broth were centrifuged at 2,000 g
for 10 minutes. The cells $¡ere suspended in 10 ml of
N-saline and boiled for two hours. They were then washed
in N-saline three times and finally resuspended in 10 mI of
hyperimmune antiserum (rabbit G) specific for S. tUphimuriun
M206. The mixture was incubated at 37o for two hours with
TABLE 2.L
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occasional shaking. The bacteria $rere then removed by
centrifugation at 10,000 g for t0 minutês and finally by
filtration throughaMillipore filter (0.45 u pore size).




The absorbed antiserum was first tested in a haem-
agglut.ination (HA) assay (see 2.7.L) with SRBCs sensitized
with LPS from 5. derby. The antiserum did not display
agglutination and so appeared free of antibody specific
for the absorbing species.
2.3.4 Removal of compl ement activity
AII antisera \^rere heated to 560 for 30 minutes, íf
complement activity was required to be removed. Such anti-
sera will be subsequently referred to as "heat-treated"
antisera.
CHAPTER 2.4 Complement
2.4.L Total complement source
Pooled human serum was the main source of complement
(HuC) in this study. Blood samples were allowed to clot at
room temperature for one to two hours. The sera \^Iere then
centrifuged free from cell-s and were pooled. An absorption
step, to remove antibody specific for S. typhimunium from
the pooled serum, followed.
The first 10 preparations (HuC-I to HuC-10) were
absorbed with washed acetone-dried cells of S. typhimur'íum
Nl2O6 (10 mg per ml of pooled serum). This absorptj-on
procedure proved to be unsatisfactory in certain assays
because there was considerable complement consumption, when
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the absorbed complement was incubated with various dilutions
of an anti-M206 antiserum. As shown in table 2.2, a 50%
loss of haemolytic complement occurred with the I:1000 anti-
serum dilution. Presumably, antigens of the acetone-dried
cells had not been completely removed from the absorbed
complement. The control tube, lacking antiserum, showed a
smaller loss (232) of haemolytic complement. This loss was
probably due to degradation that occurred on storage (at
-73o), thawing and subsequent incubation at 37o in the assay.
The next 7 preparations (HuC-ll to HUC-17) \^tere absorbed
with live NI2O6 cells (1010 cells per mI of pooled serum). The
bacteria hrere grown overnight in nutrient broth, washed and
suspended in the pooled serum. This mixture was incubated
at 40 for 60 minutes. The cells were then removed by centri-
fugation at 4o (10,000 g for 10 minutes) and finally by
filtration through a MíIlipore filter (0.45 u pore size).
Tab1e 2.2 shows that a low leve1 of haemolytic complement
\¡¡as lost on incubating such an absorbed serum pool with
various dilutions of an anti-M206 antiserum. This loss was
insignificant when one compared it with the small loss due
to the physical conditions of such an assay (the control tube
Iacking antiserum).
Absorption of human complement with live M206 cells
therefore proved to be the better method of removing natural
antibodies, specific for this bacterium. Note that, in some
bactericidal assays, partial and even complete kilting still
occurred in the control tube lacking antiserum. However, in
these assays the presence of a low level of cross-reacting
antibody in the complement source did not affect the sig-
nificance of the results; the prozoning situation occurs in
TABLE 2.2
Loss of haemolytiq complement on incubation of

































(a) Corparisons between the two tlpes of complenrent source are meaningtess
due to tl¡e different haenplytic levels initially added.
Various dilutÍons of heat-treated P-5 antiserum were incubated
with 8.0 CH50 units of HUC-7 and 4.0 CH50 units of HuC-I2
at 37o for 60 minutes. The haemotytic activity, remaining in
the mixtures, was determined by a haemolytic titration (see
2.4.7).
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the presence of excess antibody anyr^tay. Repeated absorptions
$¡ou1d have decreased the level of haemolytic complement (up
to 10% of activity was lost by one absorption step) and
increased the level of bacterial antigens present). One
preparation of human complement (HuC-18) was not absorbed.
Guinea pig serum, both unabsorbed and absorbed with
live M206 cells, was used as a complement source (GpC) in
some sections of the work. Unabsorbed normal rabbit serum
(NRS) was also used (Rac).
All sera, employed as complement sources, $¡ere stored
at 0.5 mI and 1.0 mI aliquots at -73o. The aliquots \^rere
used immediately when thawed out.
2.4.2 C6-deficient rabbit serum (C6-def RaC)
Fresh serum, from rabbits with a heritable deficiency
in component C6, r^ras kindly donated to this study by
Dr. S. Neoh (C1ínical Immunology Department, Flinders
Medical Centre, Adelaide) . I.0 ml aliquots \^¡ere stored
at -73o.
2.4.3 C-EprA
This reagent was prepared by diluting HuC or GpC to
the required concentration in an assay, in 0.005 M EDTA-N-
saline, pH 7.2. The mj-xture was incubated for 15 minutes
at 37o immediately before use.
C-EDTA was a source of the last six components of the
cl-assical pathway. EDTA chelates calcium and magnesium
ions and so prevents activation of components C1 and C2
of the classical pathway (ttlayer, 196I) and of the C3 pro-




This reagent was prepared by diluting HuC or GpC to
the required concentration in an assay, in 0.0I M ethylene-
glycol, tetraacetic acid (EGTA)-N-saline, pH 7-2. This was
done immediately before use.
EGTA chelates calcium ions but not magnesium ions, and
so prevents the activation of CI of the classical pathway
but allows the alternative pathway to proceed (Fine et aL.,
r972).
2.4.5 C-L42
A suspension of zymosan in N-saline (10 mg per m1) was
heated in a boiling water bath for 60 minutes. After three
washes in N-saline, the zymosan r¡¡as resuspended in fresh
guinea pig serum to a final concentration of I0 mg per ml.
The mixture was incubated at 37o for 60 minutes. The zymosan
r,\ras centrifuged down and the absorbed guinea pig serum was
stored at -73o (Mayer, 1961-) .
The zymosan treatment activates the alternative path-
way and removes at least C3 and C5 activity from the guinea
pig serum, according to Lachmann et dL., (I,Jeir, L973) .
Components CI, C4 and C2 of the classical pathway are thus
available.
2.4 .6 RaC6-9
This reagent was prepared from RaC, according to the
method of Cooper and Mül1er-Eberhard (1970). 4.0 mI of the
complement source rdas incubated with 4 .0 ml of I tI sodium
isothiocyanate for 18 hours at 4o. Hydrazine hyd.rate was




aliquots b/ere stored at
2.4.7 Haemoly tic complement titration
The haemolytic complement activity of complement sources
and of reaction míxtures in various experiments was measured
as CH5O units per mI. The method of Rapp and Borsos (1970)
was used and is briefly described below.
(a) Sheep red blood celI sensitization
SRBCs in Alsever's solution (Commonwealth Serum Labs,
Melbourne) were washed twice and finally resuspended' as
o
1 x 10' cells per mI, in VBS. Rabbit haemolysin (Commonwealth
Serum Labs, Mel-bourne) was diluted to a stock Iz20 dilution
in VBS, with 0.53 phenol as preservative. The optimum
sensitizing dose of haemolysin, previously determined for
each batch used, \^Ias then made up in VBS.
Equal volumes of the SRBC suspension and the optimum
sensitizing dose of haemolysin were mixed and incubated at
37o for 20 minutes.
(b) The titration
Dilutions of the complement source or reaction mixture
were made up in VBS to 3.25 ml. 0.5 mI of the sensitized
SRBC suspension $IaS added, and the mixtures were incubated
at 37o for 60 minutes. They $¡ere then centrifuged at 40
(1000 g for 10 minutes) . oos¿Irr* r.hes of the supernatant






for 45 minutes. It was then
VBS over 24 hours. 0.5 ml
meter.
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The fraction of red cells lysed (Y), for each dilution
(x) of the complement source, \ivas calculated by ref erring
to a control tube containing distilled water instead of
complement dilutions. A linear plot of log X vs
vilog ('/L-Y) was made. The intercept on the X-axis (Iog K
l
in the von Krogh equation) then permitted the number of CH50
units, in I.0 mI of the complement source or in the total
volume of a reaction mixture, to be calculated. The slope
of the linear plot (L/nl was calculated and checked with the
ideal value of 0.2.
CHAPTER 2.5 Bactericidal reactions
2.5.I Complement-mediated bactericidal reaction
Salmonella bacteria were inoculated from a single-colony
on a nutrient agar plate into either nutrient broth or brain
heart infusion broth. After incubation at 37o for two to
three hours, the concentration of the log-phase cells was
determined using photometric (ODOSOTT*) comparisons. These
target ce1Ìs were either washed in t,tg2+ saline and re-
suspended to I x IO9 cel-ls per mI, ot, they were diluted
Å. )rto 5 x 10= celts per mI in Mg'' saline.
0.1 ml- of the target ceII suspension was added to tubes
containing 0.9 ml of antiserum dilutions and a complement
source in a salt solution, usually Mg2+ saline. For 10
minutes prior to this addition, both the cell suspension
and the tube mixtures were kept at 37o.. Control tubes lack-
ing antiserum, active complement or both antiserum and
complement were included.
The reaction mixtures were incubated at 37o. 0.04 mI
volumes were always assayed at 0 and 60 minutes, when
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35x10 target cells l^¡ere initially added. The 0.04 ml
volumes were dropped onto nutrient agar plates, they were
spread, and the plates \^reïe incubated overnight at 37o.
When a larger number of target cells \¡tere added to reaction
I
mixtures, suitable dilutions were plated to give a count
of about 200 colonies at 0 minutes.
Percent,age survival values for each tube were calculated
from replicate colony counts at 0 and 60 minutes. The
average number of target cells, added per tube' was cal-
culated from the mean of the colony counts at 0 minutes.
The prozoning titre of the antiserum was assessed as
the highest dilution to show <50? killing, when further
dilutions showed killing with eventual total survival. The
bactericidal titre was assessed as the highest dilution of
antiserum to show >908 killing.
2.5.2 Polymyx in-mediated bactericidal reaction
A vial of Polymyxin B sulphate (500,000 iu, Wellcome
Research Labs, Beckenham, England) htas diluted in N-saline
to a stock sotution of I0 mg per ml and stored at 40. The
stock solution was used wíthin a week. The bactericidal
reaction was conducted in the same manner as the complement-
mediated bactericidal reaction. 5 x 103 target cells hrere
added to the reaction tubes, which contained polymyxin
diluted from the stock solution rather than complement.
CHAPTER 2.6 Other complement-mediated reactj-ons





haemolytic assay \^¡ere performed.
in (a) ) was used to titre antisera
85.
and their fractions for complement-fixing antibody, specific
for 5. typhimuríum. The second type, described in (b) '
measured the fraction of sensitized SRBCs lysed and was the
more sensitive.
(a) The semi-quantitative assay
SRBCs (Commonwealth Serum Labs, Melbourne) were washed
twice in N-saline. A 2.52 suspension in N-saline was
incubated with the LPS from S. typhimunium C5 (I00 Ug per
ml) at 37o. The mixture was gently rolled throughout the
90 minute incubation period. The sensitized SRBCs were then
washed twice in VBS and resuspended to 1.0å. A suspension
of non-Sensitized cells was prepared in a similar manner,
with the omission of C5 LPS.
Doubling dilutions (25 Ul) of the antiserum (or its
fraction) were made up in VBS in a U-welled microtitre
plate (Sterilin, Middlesex, England). VBS (25 UI), a 1:I0
dil-ution of GpC (25 uI) and sensitized SRBCs (25 UI) $¡ere
added. The initial dilution of antiserum (or it.s fraction)
was also tested with the non-sensitized SRBCs. The plate
was shaken and then incubated at 37o for 60 minutes, with
shaking every 20 minutes. The plate was centrifuged at 40
(1000 g for I0 minutes).
The degree of haemolysis for each mixture was assessed
by eye >.502 haemolysis was considered to be a positive
result. The highest dílution of antiserum (or its fraction)





sensitization of SRBCs was carried out as in (a).
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The sensitized cells were finally suspended in a vol-ume of
VBS, so that when 0.2 ml was lysed in 3.8 mI of distilled
water the OD'nlrrm was 1.0.
I0 mI doubling dilutions of antiserum in VBS were
prepared in glass tubes. 0.2 mI of the sensitized SRBC
suspension and 2.7 mI of VBS were added. A control tube,
lacking antiserum, was included. The tubes were incubated
at 37o for 20 minutes. 1.0 CH5O unit of GpC, contained in
0.1 ml, was added and the tubes were incubated for a further
60 minutes. OoS4'rr* t.lr"" of the supernatants $/ere measured
after the tubes had been centrifuged at 40. The fractions
of cells lysed were determined by comparing these OD values
with that of a further control tube, containing distilled
water and sensitized SRBCs.
2.6.2 Immune Adherence
This assay, designed to demonstrate immune adherence by
bacteria from bactericidal reaction mixtures, was similar
to that used by Reynolds et aL., (1975) .
A complement-mediated bactericidal assay \^¡as first per-
f ormed j-n Tris-HCl buf fer pH 7 .2 wíLh. several antiserum
dilutions and S. typhímut'ium C5 cells (I x l0B celLs per mI).
Control tubes, lacking antiserum, HuC or bacteria' were
included. At 60 minutes, the mixtures were centrifuged at
4o (10,OOO g for t0 minutes) and the ceLt pellets were
washed once in cold VBS. They were then resuspended in
0. 5 ml of VBS and 50 Ut doubling dil-utions were made up
in a U-welled microtitre plate. 50 UI of, a I% suspension
of human RBCs was added. The plate was shaken and then
incubated at 37o for 30 minutes. Al1 wells were read for
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haemagglutination after maintaining the plate at room
temperature for 20 minutes. The last dilution of cell
suspension, from each bactericidal reaction tube, to display
definite haemagglutination was recorded.
2.6.3 Deviated lysis
This assay r^tas designed to demonstrate deviat'ed lysis by
bacteria, from bactericidal reaction mixtures. The method
was similar to that used in the first demonstration of the
phenomenon (Rother ¿ú aL., L974) .
2.0 mI bactericidal assay mixtures, incorporating several
antiserum dilutions, HuC and 2 x 108 log-phase cells of
,5. typhimurium M206 were first set up. Control tubes' Iack-
ing either antiserum, HuC or bacteria, were also included.
A standard bactericidal assay $Jas performed over 60
minutes, with 0.5 mI aliquots from these mixtures.
The remaining I.5 mI volumes were incubated at 32o for
20 minutes. A tube containing 5 mg of inulin, HuC and tutg2+
saline was included with this incubation. All tubes were
then centrifuged at 4oc (10,000 g for 10 minutes). 0.I M
EDTA-N-saline was added to the supernatants so that the final
EDTA concentration was 0.01 M. A suspension of chicken RBCs
was prepared by mÍxing 0.2 mI of washed and packed cells in
5.0 mI of 0.01 M EDTA-N-saIine. 0.2 ml of the chilled
chicken RBC suspension $¡as then added to both the deposits
and supernatants. Al,1 tubes htere incubated at 37o for 60
minutes, shaking every 5 minutes. A control tube, containing
water, chicken RBCs and a few drops of tofuene, hlas included
with the final incubation.
AIl tubes were placed on ice. 2.2 ml and 3.8 mI of
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0.OI I.{ EDTA-N-saline was added to the tubes containing the
supernatants and deposits, respectively.
fuged pt 40 (1000 g for 10 minutes) and
final þupernatants were recorded.
All were centri-
the OD 54 lnm of the
CHAPTER 2.7 Haemagglutination and haemagglutination
inhibition assays
2.7 .L Haemag glutination assay
This assay $/as used to measure specific antibody in
anti-M206 antiserum and its fractions. When 2-mercaptoethanol
(2ME) was incorporated, specific IgM and IgG antibody
activities were distinguished.
The sensitization of SRBCs with LPS from S. typhimuríum
M206 was carried out as in 2.6.I(a) .
An aliquot of the antiserum or iy's fraction was heat-
treated. It was then diluted 1:10 by either of three ways:
(i) diluÈion in N-saline; (ii) 0.1- ml was incubated with
0.9 mI of IZ SRBCs in N-saline and the cells removed by
centrifugation; (iii) 0.I m1 was incubated first with 0.1 ml
of 0.2 M zMI. and then with Iå SRBCs. Incubation with SRBCs
removed natural antibody specific for them. Incubation with
2I4I. destroyed the activity of IgM class antibody.
Doubling dilutions (25 UI) of the antiserum or ids
fraction were made up in N-saline in a U-welled microtitre
plate. 50 uI of N-saline and 25 uI of sensitized sRBCs
were added. The initial dilution of antiserum or i/s fraction
was also tested with the non-sensitized SRBCs. The plate was
shaken and left at room temperature for three hours.






this was taken to be the titre and it
unit of antiserum.
2.7.2 Haemasslutination inhibition assay
The assay, based on a competition for available anti-
body by the fluid-phase LPS and RBC-bound LPS, was used to
determine the level of LPS remaining in the fluid-phase of
reaction mixtures.
Doubling dilutions (25 uI) of the reaction mixtures
and two suspensions of M206 LPS of known concentrations
(1.0 mg per mI and 100 pg per m1) were made up in a U-weIIed
microtitre plate. The diluent used throughout was N-saline.
25 Ul, containing two HA units of anti-M206 antiserum (pre-
determined in a HA assay), and 25 Ul of N-saline were added.
The plate l¡ras shaken and incubated at 37o for 30 minutes.
25 UI of sensitized SRBC suspension (see 2.6.1(a) for its
preparation) htas then added. Several controls were
included: (i) initial dilutions of reaction mixtures and
LPS preparations, and (ii) doubling dilutions of the anti-
M2O6 antiserum (from 2 to t/, supposed HA units) $rere tested
with the sensitized SRBCs. The plate \^¡as shaken and
incubated at room temperature for three hours.
The plate was read for haemagglutination. The last
dilution of reaction mixture to inhibit haemagglutination was
compared wiÈh that of the standard LPS suspensions, to deter-
mine the level of M206 LPS in that reaction mixture.
CHAPTER 2.9 Prote in A bindinq assay
This assay r^Ias used to quantitate the specific IgG
antibody bound to ^9. tUphimuy,ium M2O6 bacteria j-n reaction
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mixtures. It fol-lowed the method described by Mathews and
Minden (1979) , but there were several modifications
incorporated.
2.8.I Radioiodination of protein A
The method of Bolton and Hunter (L973) was followed
and is briefty described below. The ability of the protein
A molecule to bind to IgG is believed to be dependent on
four of its tyrosine groups (Sjoholm eú aL., 1973). Longone
et aL., (L977 ) stated that the Bolton-Hunter method of
radio-iodination is preferrable to the Chloramine-T
method because it labels lysine rather than tyrosine groups.
0.4 mCi of Bolton-Hunter reagent was evaporated under
a gentle stream of dry nitrogen. A 0.5 mg per mI solution
of protein A (Pharmacia Fine Chemícals, Uppsula, Sweden)
was made up in phosphate buffer, pH 8.0. 0.2 ml was added
to the Bolton-Hunter reagent. This mixture was l-eft at
2Oo for 15 minutes. 0.2 mI of an amino acid mixture was
added. The mixture was left at 2Oo for a further 30 minutes.
1.0 mI of borate buffer, pH 7.4, was added.
The final mixture was subjected to molecular-sieve
chromatography on an IB cm x I cm column of Sephadex G-25
(Pharmacia Fine Chemicals). Borate buffer was used to
rinse the column through and 1.5 mI fractions were collected.
0. I ml samples were assayed for radioactivity (cpm) in a
Searle (mode1 1285) ganìma-counter. Those fractions, con-
stituting the first peak of radioactivity to emerge from
the column, were pooled as the 125r-ptotein A component.
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2.8.2 The binding assay
This assay was performed in parallel with a
complement-medíated bactericidal assay. They contained the
same number of M206 cells and the same level of specific
antibody.
)-L
Mgo' saline was the diluent used for the first in-
cubation mixtures. 0.3 mI of several dilutions of anti-M206
antiserum (or its fraction) and 2.4 mL of Mg2+ saline l^rere
added to glass tubesr orl ice. 0.3 mI of a suspension of
washed I,t206 cells (fOB or 109 cells per ml) vras then
added. A control tube, containing only diluent and M206
cells, \^ras included. All tubes were incubated at 37o for
30 minutes.
The tubes were centrifuged at 4o (1BOO g for 15 minutes) .
They \Árere caref ully aspirated, usinq a pasteur pipette with
a 90o bend at the tip. 3.0 mt of borate buffer, PH 7.4,
the diluent used in the remaining steps ' \,vas added to the
deposits. The mixtures v/ere centrifuged, washed and centri-
fuged again. All cell deposits were then suspended in
0.15 ml of buffer.
3 x 50 ul aliquots of the washed ceII suspensions were
added to 75 mm x 10 mm plastic tubes. 0.1 ml- of suitably
diluted I2st-protein A was added to these tubes. Two
further controls were included: (i) 0.I mI of 202 w/v
trichloroacetic acid (TCA), and (ii¡ 50 ul of buffer vtere
tested with I2sr-ptotein A. All tubes vtere incubated at
37o for 60 minutes. 0.5 mI of buffer was added to all bar
the above control tubes: 0.5 m1 of 202 TCA was added to
the TCA control tube and the protein A control tube was
merely placed on ice. The tubes were centrifuged at 40
92.
(1800 g for 15 minutes) and the washing procedure was
repeated twice more. After the final aspiration, the
radioactivity of the cell deposits and of the control tubes
was measured and recorded as cpm.
Specific binding and B specific binding figures, for
each antiserum (or fraction) dilution, \^/ere as defined by
Mathews and Minden (1979):
specj-fic binding = strxn EIGERIMÐIfIAL tube - cprn M206 CìO\ITROL tube
cgn Ð(PERIMEDUIAL tube - cprn M206 COÀIIROL tube x 100
å specific binding = c[xn rcA CO]üIROL tube - c¡xn 1,1206 CCI\TIROL tube
CHAPTER 2.9 Serum fractionati-ons
2.9.L Protein A affinity chromatography
The IgG fraction of NRS or rabbit antiserum (raised
against ,S. typhimurium M206) was el-uted in one step from
a protein A - Sepharose 48 column. The method was similar
to that of Goding (1976). The IgG fraction of the NRS then
functioned as a standard IgG preparation. Stepwise elution
of the IgG fraction of antiserum, as described by Ey et
aL., (1978) , was also performed. The column work was
entirely done in a cold room (4o).
(a) GeI pre ation
Staphylococcal protein A, covalently bound to
Sepharose CL-48 (protein A-Sepharose) was purchased from
Pharmacia Fine Chemicals. 1.5 g was swollen in phosphate
buffer, pH 8.0, overnighÈ. The gel was packed into a
30 cm x 1 cm chromatography column. The bed volume was
about 6 ml and the protein A content was 2 mg per mI of




and then equilibrated with phosphate
(b) One step IgG elution
2.0 or 3.0 mI of rabbit serum was dil-uted in phosphate
buffer, pH 8.0, and was passed through the column.
Phosphate buffer $ras used to wash the antiserum through
and 2 or 3 mI fractions were collected. The washing was
stopped when the protein leve1 in the fractions (gauged
by ODrg.nm values) became insignificant. The fractions
containing significant level-s of protein were pooled as
the pH B eluant
Citrate buffer, pH 3.0, was then used to wash the
column through. 2 or 3 ml- fractions were collected in the
same volume of Tris-HCl buffer, pH 8.0. The fractions
containing significant levels of protein were pooled as
the pH 3 eluant. This was expected to contain IgG immuno-
globulin as the only protein. The pH was quickly raised to
7.0 with IN sodium hydroxide. The column was equilibrated
with phosphate buffer, pH 8.0, for future use.
Both pH 3 anrl pH B eluants v/ere dialysed against
N-saline for at least 24 hours at 40. They \^Jere then
stored at -73o or concentrated to a known fraction of the
whole serum volume, before storage. A PM30 ultrafiltration








mI of rabbit antiserum was diluted in 2




with this buffer. 2.5 ml fractions $tere coll"ected and
those with significant levels,,of protein were pooled as
the pH 7 eluant.
The fractionation procedure was repeated with citrate
buffers of pH 6.0, pH 5.0, pH 4.0 and pH 3.0. The pooled
eluants from each wash were quickly neutralized with IN
sodium hydroxide. The column was eguilibrated with
phosphate buffer, pH 8.0, for future use.
AII pooled eluants were quickly neutralized with IN
sodium hydroxide. They were then dialysed against N-saline




IqG concentration in the standard preparation
IgG l-evel of the pH 3 eluant of NRS (from one step
on the protein A-Sepharose column) was determined in
two ways.
(i) Extinction coefficient method
The absorbance at 280 nm \^Ias measured in a standard
cuvette (I.0 cm light path) and in a Perkin Elmer (model
l-24) spectrophotometer. The IgG concentration was then
calculated, knowing that a I% w/v suspension of rabbit IgG
has an absorbance value of 13.6 I 0.01' under the same
conditions (Small and Lamn, 1966) .
(ii) Sulphosalicylic acid method
This determines the concentration of total protein
(Hoffman, 1964) . 58 sulphosalicylic acid was mixed with
a sample of the standard IgG preparation to precipitate the
protein present. The OD64Orr* value of the mixiure $tas then
compared to a standard plot of ODU4'nm vs protein
concentration.
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2.9.2 tq¡l immunoglobulin fractionation
A two-step procedure was used to purify IgM immuno-
globulins from a rabbit antiserum, collected early in a
vaccination schedule. The first step invol-ved molecular
sieve chromatography and was performed at room temperature.
The second step involved affinity chromatography to remove
IgG and was performed at 40. It utilized the protein A-
Sepharose column described, in 2.9.L.
(a) Sephadex G-200 gel preparation
7 g of Sephadex G-200 gel (Pharmacia Fine Chemicals)
\^/as swoll-en in phosphate buffer, pH 8.0, for four days.
The gel was then packed into a 40 cm x 2.5 cm chromatography
column (Pharmacia) and phosphate buffer was used to
equilibrate it. The even passage of a sample of 0.33 blue
dextran (Pharmacia Fine Chemicals) through the gel was a
test for even packing.
(b) The fractionation
2.0 m1 of the rabbit antiserum was passed through the
G-200 column. Phosphate buffer, pH 8.0, r¡ras used to wash
the antiserum through and 40 x 5 mI fractions r¡rere
collected. The protein level in these fractions hrere
gauged by their OD2g0rr^ values. Fractions , representj-ng
individual peaks in protein leve1, were pooled and stored
at -20o.
The pooI, considered to contain the majority of I9M,
\^/as then passed through the protein A-Sepharose 48 column
with phosphate buffer. 2 mI fractions were collected and
the remainder of the procedure was as described in 2.9.1 (b) .
After dialysis, the pH 3 and pH B eluants were concentrated
2.9.3
96.
to I and 2 mI, respectively, using membrane filtration
(E}I5 Minicon ceI1, Amicon Corporation). Both concentrated
eluants were stored at -730.
Immunochemical tests of purity
The various eluants, resulting from serum fractionation
procedures, r^rere tested for specj-fic protein content. All
procedures were modifications of micro-techniques described
by Ouchterlony and Nilsson (Weir, 1973) . Only the single
radial immunodiffusion (SRID) test was quantitative.
All tests were performed on 75 mm x 50 mm glass
slides. The slides vTere cleaned and placed on a horizontal
platform. 7 mI a,liquots of 1? agarose (A grade, Sigma
Chemical Company, St. Louis, USA) in barbitone buffer,
pH 8.2, $¡ere poured onto the slides. The gel was allowed
to set.
Antisera used in the tests were as follows:
goat anti-rabbit y-chain, (Gar/IgG(Fc), Nordic Immunological
Labs, Tilburg, The Netherlands)
sheep anti-rabbit U-chain (Sh AR/I9M, Nordic Immunological
Labs)
goat anti-rabbit o-chain, (Gar/tgA(Fc), Nordic Immunological
Labs)
swine anti-rabbit serum protein, (Dako-immunoglobulins,
Copenhagen, Denmark).
After the tests had been completed, the precipitation
patterns were developed with Coomassie brilliant bluer âs
described by Weeke (Axe1sen et qL., 1973) . Briefly, the
slides were washed in 0.I M saline for 3 hours. They were
dried between filter paper and then in a 37o incubator for
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60 minutes. The slides were then immersed in 0.58
Coomassie brilliant blue for one minute and destained in
a mixture of acetic acid, ethanol and water. They $Jere
dried between filter paper, washed in 0.1 M saline for
15 minutes and again dried.
(a) Comparative double immunodiffusion (DID)
Peripheral wells (2 mm or 4 mm diameter) were punched
in a hexagonal arrangement about a central well. The
distance from the central well was usually 5 mm, but some-
times 10 mm. Samples of the antigen (whole rabbit serum
or its fraction) and antisera specific for particular serum
proteins were added to the wells. The antigen was usually
added to the central well. The slide was then incubated
at 37o for 48 hours in a humid chamber.
(b) Immunoe Ie c trophore s i s
2 x 2 mm diameter we1ls l^rere punched in an agarose
slide. 3 x 2 mm wide troughs were also cut along the length
of the slide so that each weII was 5 mm distant from a
trough. 5uI of antigen (whole rabbit serum or its fraction)
$/as added to the welIs. Filter paper was used to connect
the slide to the electrode vessels of an electrophoresis
tray (Helena Labs, Texas, USA). Barbitone buffer, PH 8.2,
was poured into the vessels and ice was poured into the
central compartment. A constant 30 volts of electricity
was applied between the electrodes for 90 minutes.
The troughs were then cleared of gel. I00 Ul of
suitably diluted antisera were then added to each. The
slide was incubated at 37o for 48 hours in a humid chamber.
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(c) Single radial immunodiffusion
15 UI or 20 pl of anti-rabbit y antiserum was mixed
with the melted agarose before it was poured onto the
glass slide. Two rows of 2 mm diameter well-s s¡ere punched
in the agarose slide. 5 uI aliquots of various dilutions
of the standard IgG preparation ( see 2 .9 .1 (b) and 2. 9. I (d) )
and of whole rabbit antiserum (or its fraction) were added
to the wells. The slide was incubated at 37oC for 48 hours
in a humid chamber.
The slide was stained and the diameter of the halo
(precipitated antigen-antibody complex) about each well was
recorded. A linear plot of IgG concentration (mg per mI)
)vs diametero was made, using the values for the standard
IgG preparation. The IgG concentration of the tested
antiserum (or fraction) was then read off this p1ot.
CHAPTER 2.TO Purification of specific antibody
Three methods were employed to isolate specific anti-
body from antiserum raised against ^9. typhimurium M206.
The first method used whole rabbit antiserum as the starting
material. The last two used the IgG fraction (see 2.9.I(b) ) .
2. 10. 1 Adsorption to glutaraldehyde -f ixed lipopolysaccharide
LPS from S. typhimunium C5 was fixed with glutaralde-
hyder âs described by Eskenazy et aL., (1975) . The
glutaraldehyde was added to a tZ suspension of the LPS
in phosphate buffer, pH 7.2, as a f inal 2eo v/v concentration.
The mixture was incubated at room temperature for 60 minutes.
The fixed LPS was then repeatedly washed in distilled water.
Specific antibody was obtaj-ned from whole antiserum
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in the following way. 1.0 m1 of antiserum was added to
the suspension of glutaraldehyde-fixed LPS and the mixture
was incubated at room temperature for 30 minutes. The LPS
adsorbate was then washed in phosphate buffer three times.
The supernatants with significant protein levels (gauged
by ODrB.nm values) \^rere pooled. The LPS adsorbate was
resuspended in 2.0 ml of cold citrate buffer at pH 3.0.
After 5 minutes at, 4o, the suspension was centrifuged in
the cold. The supernatant was quickly neutralized with
lN sodium hydroxide. Both this pH 3 eluant and the pH 7.2
eluant $/ere dialysed against N-saline for 24 hours. They
were then stored at -20o.
2.I0.2 Adsorption to glutaraldehyde-fixed C5 ce1ls
Glutaraldehyde-fixed ^9. typhimurium C5 cells $/ere pre-
pared as follows. A 2 litre overnight broth culture of the
bacterium was centrifuged at 2000 g for 10 minutes. The
cells hrere washed twice in N-saline and finally resuspended
in a 1? v/v aqueous solution of glutaraldehyde. The
mixture was incubated at 37o for two hours and then at 4o,
overnight. The fixed C5 cells $/ere then exhaustively washed
in phosphate buffer, pH 8.0, and stored at a concentration
of 5 x toll cells per mI at 40.
These cells were used for the isolation of specific
antibody from IgG fractions, as follows. 1.0 mI of packed
cells were washed once with lM propionic acid, pH 3.0, and
then three times in TESA buffer, pH 8.2. The packed cells
were then suspended in 2.0 mI of the IgG fraction of an
anti-M206 antiserum, and incubated at 40 for 60 minutes.
Centrifugation (2000 g for 10 minutes) , a wash in TESA
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buffer and another cenÈrifugation followed. The super-
natants were pooled.
The pelleted adsorbate was resuspended in 2.0 mI of
IM propionic acid, pH 6.0, and left at 40 or 37o for 30
minutes. The suspension was then centrifuged and the
supernatant was neutralized with IN sodium hydroxide. The
procedure v¡as repeated using IM propionic acid at pH 5.0
and at pH 3.0.
Each of the resulting supernatants were dialysed
against N-saline at 40 for 24 hours. They were then con-
centrated to 2 mI with a PM 30 ultrafiltration membrane
(Amicon Corporation) and stored at - 20o.
2.10. 3 Adsor ion to LPS-sensitized she red blood
ceII stromata
200 mg of SRBC stromata (provided by Dr. Reynolds of
the Department of Microbiology and Immunology, University
of Adelaide) were washed three times in N-saline (centri-
fugations r^rere at 2000 g for 10 minutes). The pelIet was
finally suspended in I0 mI of N-saline. 5 mI of a C5 LPS
suspension in N-saline (4 mg per ml) was added. The
mixture was slowly rotated at 37o for 90 minutes. The
sensiti-zed stromata were then washed three times in TESA
buffer, pH 8.0. They were mixed with 5 mI of glass beads
of average diameter 2 mm and poured into a glass column
(diameter l0 mm) with I ml of glass beads at the bottom.
I ml of glass beads were also added on top.
3.0 mI of the IgG fraction of a rabbit antiserum was
passed through the column. TESA buffer was used to wash
the column through until- the protein level in the eluate
IOI.
r^Ias insignificant. I M propionic acid, pH 3.0, was then
used to lrash the column through and 7-8 mr fractions were
collected. Those with signifícant. protein 1eve1s were
pooled, neutralized and diatysed against N-saline at 40
for 24 hours. The pooled eruate was concentrated to 3 mr
with a PM30 ult.rafirtration membrane (Amicon corporation)
and stored at -20o.
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CHAPTER 3 FUNDAMENTAL ASPECTS OF THE }trEISSER.
WECHSBERG PHENOMENON
CHAPTER 3.1 Preamble
The Neisser-Wechsberg phenomenon refers to a deviant
effect observed in complement-mediated bactericidal
systems. In particular, the presence of excess antibody
inhibits a bactericidal reaction, which occurs readily
with lower levels of the same antibody and under otherwise
identical conditions. This chapter deals with experiments,
designed to establish some fundamental properties of this
phenomenon. The system used consisted of S. taphínunium
bacteria, specifj-c rabbit antiserum and complement from
various sources.
From .the first description of the NW phenomenon
(Neisser and Wechsberg, t90I) onwards, various authors
have suggested that a fluid-phase reaction is responsible.
The explanation by Neisser and Wechsberg was made without
a thorough understanding of the role of complement in the
bactericidal reaction. They suggested that complement is
deviated by excess antibody in the fluid-phase. The
suggestion of complement deviation was taken up by later
workers. Coombs (Muschel, L965) thought that soluble
bacterial antigen could be responsible but offered no
evidence. Muschel et qL., (1969) claimed that fluid-phase
anticomplementary factors were partly responsible, as the
prozoning activity of antiserum was found to be enhanced
by heat-inactivation of its complement (560 for 30 minutes)
These workers and Normann et aL., (1972) both showed
that target bacterial- cells do participate in the NW
phenomenon. Bacteria were sensitized with a prozoning
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level of antiserum and then washed. These cells were
not killed when subsequently incubated with complement.
Bacteria that \¡irere first sensitized with higher (normal1y
bactericidal) levels of antiserum were killed.
The work, described in this chapter, sought to
establish the contributions of fluid-phase and cel1
surface ínteractions to the NW phenomenon. The fundamental
experiment, in which sensitized bacteria were washed, \das
repeated in our system to confirm the earlier findings.
The role of fluid-phase factors in the phenomenon hlas
examined in several \^/ays: (i) tne effect of heat on the
prozoning activity of an antiserum was determined, (ii)
complement consumption, when the complement source $ras
íncubated with a prozoning level of antiserum, was
measured, and (iii) the effect of preincubating an anti-
serum with the complement source, oD the prozoning activity
of that antiserum, h¡as also determined.
fn uiuo studies of the NW phenomenon have not been
reported. The possible effects on the immune response
of a hyperinmune animal, when challenged with the bacterium,
are thus unknown. It is important, however, to gauge
whether the NW phenomenon does exíst in uiuo. The
phenomenon assumes greater immunologj-caI importance if
it does. Joos and HaII (f968) showed that fresh whole
blood from hyperimmunized rabbits does not kiI1 the target
cells in a bactericidal assay. The present study used fresh
hyperimmune antiserum as the diluent, the antibody source
and the complement source in a similar experiment. For




A. Target cel-I involvement in the Neisser-Wechsberg
phenomênon
3 The incorporation of bacteria, sensitized with
prozoning leve1s of antiserum and then washed,
in the bactericidal assay
A standard bactericidal assay was set up with
^9. typhimuniun Nl2O6 cells (S x I07) and various dilutions
of a hyperimmune rabbit antiserum. The same number of
cells vrere also presensitized with the same antiserum
ditutions, washed once and then tested in a para1lel
bactericidal assay with HuC.
The results of one such experiment are shown in
Table 3.I. There were prozoning and killing phases demon-
strated with both pretreated and untreated M206 cel-Is.
1:50 to L2200 dilutions of antiserum displayed strong
prozoning activity. The significantly higher 3 survival
values with the untreated bacteria were probably due to
additional nutrients, provided by the antiserum dilutions
and present in the final reaction mixtures. The control
tube, lacking antiserum and therefore these additional
nutrients, showed a si-milar survival value as the pre-
treated bacteria in the prozoning situation. This tube
also indicated that the complement source did not contain
a bactericidal level of specific antibody.
The 1:I000 dilution of antiserum displayed significant
prozoning activity with the pretreated celIs but none with
the untreated cells. The preincubation of M206 cells and
antiserum, and the washi.g, seemed to enhance the prozoning
2 I
TABLB 3.1
The effect of usinq sensitized and then washed
,9- tunh.i-mttní.um M2O6 tarqet celLs on the prozone phenomenon
FinaI
arttlsenrm dilutlon
% sun¡ival of bacteria (a)





















7The nean value of bacteria added per tube = 3.2 X l0
Not tested
A standard bacterícidar ."=.y(b), with various dilutions
of heat-treated A-7 antiserum, L.2 CH50 units of HuC-I5
and 5 x lO7 washed M2O6 cells, was begun from 4o instead
of 37o. A paralrel u"=.y(") \4ras performed with yI2O6 cells
that were first incubated with the same antiserum
dilutions (4o for 15 minutes) and then washed once in
,L
NIgo' saline. These sensitized bacteria $/ere resuspended,
complement was added and the assay v/as begun.
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act.ivity of that antiserum rather than decrease it.
There was considerable but not efficient killing of
the pretreated and untreated 14206 cells at the 1:5000
antiserum dilution. The incomplete killing may have
been the result of washing the cells in the cold and
beginning the bactericidal assays in the col-d. Bacteria
are known to be most sensitive to the bactericidal action
of complement when they are in the log-phase of growth
(Davis and Wedgwood, 1965) but the majority of target cells
must have been in a stationary-phase. The killing of the
pretreated cells indicated that specific antibody had
bound to the ce1ls during the preíncubation.
3.2.2 The effect of preincubating target bacteria and
antiserum dilutions on the prozonj-ng activity
The previous experiment indicated that preincubation
of M206 cells and specific antiserum heightened the pro-
zoning activity of that antiserum. However, the washing
step after the preincubation rernoved serum factors, other
than bound antibody. The following experiment retained
these other serum factors by omitting the washing step.
In this wây, a more definitive statement on the effect,
that such a preincubation had on the prozoning activity,
could be made.
Log-phase M206 cells were preincubated with various
dilutions of hyperimmune antiserum at 37o for various
times. HuC was then added and itandard bactericidat assays
were performed.
Table 3.2 clearly shows that the prozoning titre rose
from Lz2O0 to 1:400, after a preincubation period of just
TABLE 3.2
The effect of preÍncubating tarqet bacteria
and antiserum dilutions on the prozoning activity
The mear¡ value of bacteria added per tube = 6.2 X l0
Control tube, Iacking antisen¡m but containing HuC
3
35 X 10 Iog-phase M206 cells v/ere added to four sets of
C-8 antiserum dilutions in Mg2+ saline. The mixtures
were incubated at 37o for O, 15, 30 and 45 minutes before
L.2 CH50 units of HuC-15 were added. Samples \^/ere
immediately taken for viable counts, and standard
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15 minutes. This type of experiment has been repeated
several times showing a similar rise. The å survival
value for the 1:400 dilution of antiserum also increased
significantly between the 15 and 30 minutes preincubation
periods. There was no significant change in prozoning
activity between the 30 and 45 minutes preincubation
periods.
Conditions, favouring the union of target bacteria
and specific antibody in the absence of complement,
heightened prozoning activity. This effect was apparent
for up to 30 minutes.
The control tubes, lacking antiserum, showed decreased
3 survival values with j-ncreased preincubation periods.
The target cells became more suscepti-b1e to the bactericidal
action of the complement source, by preincubating them in
1L
Mg'' saline. Colony counts at 0 minutes revealed that the
target cells in these control tubes had not been killed
during the preincubations; therefore non-letha1 structural
changes had occurred.
B. Fluid-phase involvement in the Neisser-Wechsberg
phenomenon
3.2.3 The effect of heat treatment of antiserum on its
rozona activit
The role of fluid-phase interactions in the NW pheno-
menon was first investigated by determining the effect of
heat treatment on the prozoning activity of an anti-M206
anti-serum. It is common for antiserum to be heated at 560
for 30 minutes to destroy itts complement activity. It was
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possible that this heat treatment could have generated
fluid-phase factors that l^tere at least partly responsible
for the prozoning activity of the antiserum.
A suitable dilution of anti-M206 antiserum \¡¡as heated
at 560 for various times and then double-diluted. All
dilutions r^tere then tested in standard bactericidal
assays with log-phase M206 cells and HuC.
The results (see Tab1e 3.3) clearly showed that there
was no significant effect on the prozoning activity, even
after the initial antiserum dilution had been heated at
560 for 90 minutes. Prozoning titres were 1:800, I:1600
and l-:800 for heat treatments lasting 0, 30 and 90
minutes, respectively. Ho\^rever, the % survival f igures
for the I:1600 dilution all indicated some prozoning
activity and did not differ markedly. Further dilutions
all showed efficient killing.
There appeared to be no increase in the prozoning
activity of an antiserum, after the heat-inactivatdon of
complement components at 560 for up to 90 minutes.
3.2.4 Haemol tic ement consum tion on incubation of
prozoning antiserum with the complement source,
used in bactericidal assays
This experiment investigated whether fluid-phase
factors, originating from the hyperimmune antiserum, could
deplete the available haemolytic complement in a prozoning
reaction mixture. Various dil-utions of an anti-N1206 anti-
serum hrere incubated with absorbed and unabsorbed HuC at
37o for 60 minutes. The haernolytic complement activity,
remaining in the mixtures ' was titrated so that the ? Loss
TABLE 3.3
oThe effect of heating at 56 on the prozoning activity
of antiserum specif ic for 5. typhimurí,um 14206
(a) fte mean value of bacteria added per tr:be = 2.9 x l0 3
2+A 1:80 diluÈion of P-5 antiserum in Mg saline was
heated'at 56oc for 0, 30 and 90 minutes. Dor:bling
dilutions were then made up and tested in standard
2
bactericidal assays with 5 x 10' Iog-phase Iv1206 cells
and I.2 CH50 units of HuC-14.
FinaI
anLisen¡n dilution
å survival of bacteria (a) with antiserum:

















could then be calculated. A standard bactericidal assay,
with similar dilutions of the antiserum and absorbed HuC,
was performed in parallel.
Results of the bactericidal assay (see Table 3.4)
indicated that the prozoning titre of the antiserum was
l:1600. This particular dilution showed a 3 survival
value of over 508 while the 1:3200 dilution showed
complete killing. The control tube, Iacking antiserum,
also showed efficient killing and this indicated a presence
of bactericidal antibody in the dilution of HuC used.
The L2200 and I:800 dilutions of antiserum, included
in the complement consumption assay, btere thus prozoning
dilutions. When unabsorbed HuC was used as the complement
source, there was a small but similar loss of haemolytic
activity with both prozoning and bactericidal diLutions
of antiserum. A similar loss of activity occurred in the
control tube, lacking antiserum, due only to experimental
conditions. Therefore, there was no loss of haemolytic
complement that could be attributed to the anti-M206 anti-
serum, when prozoning or bactericidal dil-utions \^Iere
incubated with the complement source.
Results were slightly different when the absorbed
HuC was used. Therq were higher losses of haemolytic
activity, ranging from I08 to I7Z, that could not be
attributed to just experimental conditions. The loss of
haemolytic activity increased as the antiserum dilution
was lowered. The nature of the complement source obviously
inftuenced these results. Some bacterial components eg. ,
LPS, probably remained in the HuC after the absorption
with live M206 cells so that, oñ incubation with antiserum,
TABLE 3.4
Haemolytic complement consumption
on incubaÈion of various dilutions of
prozonang antiserum with complernent
(a) 4.0 CH50 units of HuC-I2, bü absorbed (live M206 celrs; see 2.4.I)
and unabsorbed, and varj-ous dilutions of heat-treated P-5 antisenm
were j¡rcubated at 37o for 60 minutes. The remaining haemolytic
activity, Ín each 2.0 mI of reaction rnixture' was measured by a
haernolytic titratj-on (see 2.4.7). Ttre cornplement consunption was
expressed as % loss of haemolybic actÍvity.
(b) A standard bactericidar assay was conducted with 5 x 103 log-phase
M206 cells, various dj-lutions of heat-treated P-5 antisenrm and
2.0 CH50 r:nits of HuC-I2 (absorbed) in 1.0 mI reaction volumes.
The nrean value of bacteria adCed per tube = 5.6 X l-03.
Final
antiserum dilution
% loss of haemolytic complement (a)




























the antigen-antibody complexes formed also activated a
small fraction of the available complement. Note that
even with the lowest dilution of antiserum tested (1:200) ,
1.3 CH50 units of HuC remained per mI of reaction mixture.
A minimum of 0.6 CH50 units has repeatedly been shown to
be required for the efficient. killing of 5 x tO3 uZOe
ce1ls, under standard bactericidal assay conditions.
Depletion of haemolytic complement in the fluid-phase could
therefore not explain the prozoning activity of this
dilution of antiserum, as a bactericidal l-eveI remained.
Retention of bacterial antigens in absorbed complement
sources is an important consideration in studies such as
this. Tab1e 2.2 showed that there was a considerable loss
of haemolytic activity when a complement source, absorbed
with acetone-dried M206 cells, was incubated with dilutions
of anti-M206 antiserum. This was probably due to a high
retention of bacterial antigens, especial-ly O-somatic
antigens, in the complement source. The results in Tabl-e
3.4 constituted evidence to support this.
3.2.5 Bactericidal complement consumption on incubation of
prozonrng antiserum with the complement source, used
in bactericidal assavs
The previous section of work established that haemo-
lytic complement was not lost, when a complement source and
prozoning levels of antiserum were incubated under
bactericidal assay conditíons. The following experiments
investigated whether bactericidal complement was lost under
these conditions.
5. mínnesota R5, a rough Rc strain derived from
110.
S. mínnesota 2IBS (Luderitz et aL., L966) was used as
the target bacterium. The parent strain (022L,22) is
serologically unrelated to S. typhínuríum M206
(0:I,4,5,I2). The minimum level of complement, required
2
to efficient.ly kiII 5 x 10'Ìog-phase R5 cells, was first
determined in a standard bactericidal assay. 0.L25 CH50
units of the complement source (HuC-12) was found to be
required to kill >908 of the target R5 cell-s, whether
specifJ-c antiserum (anti-218S antiserum) \4ras present or
not. This meant that the complement source contained a
bactericidal leve1 of antibody, specific for the R5 cells.
Anti-218s antiserum was therefore not required to provide
this antibody and was omitted from the main experiment.
Levels of complement, close to the minimum required
for efficient kil1ing, \^rere incubated with various
dilutions of a hyperinìmune rabbit antiserum, specific
f or S. typhimuz,ium 14206. A standard bactericidal- assay
was then performed, on the addition of log-phase R5 ce1Is.
Table 3.5 shows that 0.L25 CH50 units of complement
did not kill the target cells, whether prozoning antiserum
was included in the preincubation or not (the control tube).
However, 0.25 CH50 units uniformly kilIed the R5 bacteria.
Some complement was lost during the preincubation due
to the physical conditions to which it was exposed. Thus,
when the minimum concentration required for killing
(0.125 CH50 units) was added to the assay, the target
cells survived. V'Ihen 0.25 CH50 units were added, êt least
half of the complement activity remained after the pre-
incubation and this was sufficient to kill the target cells.
L2200 and 1:800 dilutions of the anti-M206 antiserum,
TABLE 3.5
Bactericidal complement consumption
on incubation of various dilutions of
prozoning antj-serum with complement
(a) The mean value of bacteria added per tube = 5.2 X I0 3
0.25 and 0. I25 CH50 units of HuC-12 and various dilutions
of heat-treated P-5 antiserum (reaction volume of 0.9 ml)
were incubated at 37o for 60 minutes. A standard
bactericidal assay \,\ras then performed on the addition
I
of 5 X 10' Iog-phase S. mínnesota R5 cells (O.I mI).
antiserum dilution
% survival of bacteria (a)














used in the experiment, utere known to have strong pro-
zoning activity in the presence of 2 CH50 units of
complement (see Table 3.4). From the first description
of this prozone phenomenon (Neisser and Wechsberg, 190I),
it has been known that prozoning activity is heightened
by limiting complement concentrations. The two stated
dilutions of anti-M206 antiserum could therefore be
regarded as prozoning dilutions in this experiment, as
0.25 CH50 units r^/ere added. These prozoning dilutions
did not remove even 0.125 CH50 units during the pre-
incubation. This was an insignificant figure when one
considered that I.2 or more CH50 units r^¡ere commonly used
in bactericidal assays with ,9. typhimunium N1206 celIs.
3.2.6 The effect of preincubating the complement source
and antiserum dilutions on the prozoning activity
The effect of preincubating M206 bacteria and anti-
serum dilutions on the prozoning titre of that antj-serum
$/as investigate,cl in 3.2.2. An increase in prozoning
activity was noted. The following experj-ment investigated
the effect of preincubating the complement source and
antiserum dilutions in a bactericidal assay.
In parallel experiments, two series of the same
dilutions of anti-M206 antiserum râ¡ere tested in standard
bactericidal assays, r^tith ,9. typhimuriun M206 cells. How-
ever, one series of dilutions was preincubated with the
complement source at 370, immediately before the target
ce11s were added.
The results (see Table 3.6) showed that the prozoning
titre of the antiserum was l:800, whether it was
TABLE 3.6
The effect of pre incubatinq the complement source
and antiserum dilutions on the prozonínq activitv
FinaI
antisenrm dilution
% sun¡ival of bacteria (a)
















The mean value of bacteria added per tube = 7.2 x r03
2.0 CH50 units of HuC-I2 and various dilutions of heat-
treated P-5 antiserum (reaction volume of 0.9 mt) were
incubated at 37o fcr 30 minutes. 5 x I03 log-phase Ir{206
cetls (in 0.1 mf ) \^/ere added to these mixtures and to an
identical series, in which the complement source had just
been added. Standard bactericidal assays then followed.
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incubated with the complement source or not. The Z
survival value obtained with the 1:800 dilution rtras
slightly higher, when the preincubation was included. A
small fraction of the complement was possibly lost by the
physicaJ- conditions of the preincubation. This would
explain the stightly increased prezoning activity in this
series.
To summarise, there was no significant effect on the
prozoning activity of the antiserum, by preincubating it
at various dilutions with the complement source. The
preincubation afforded conditions that favoured fluid-
phase interaction between the antiserum and the complement
source. Therefore this type of interaction did not seem
to be significant in the prozone phenomenon.
c. T}:e ín uiuo ocëurrence of the Neisser-Wechsberqr
phenomenon
3.2.7 The prozoning activity of fresh hyperimmune
anti-M206 antiserum
Most bactericidal assays performed in this study
involved testing dilutions of heat-treated rabbit anti-
sera and an independent complement source, ie., human or
guinea pig serum. The following experiment investigated
the prozoning activity of a hyperirûnune rabbit antiserum,
itself being the source of antibody and complement. It
was an attempt to gauge L}:'e in uiuo response of a hyper-
immunized animal to challenge from the bacterium used in
the vaccination.
The freshly-collected anti-M206 antiserum and also
GpC were titrated for haemolytic complement activity
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(see 2.4.7). The antiserum, with and without added GPC,
\^ras then tested in a standard bactericidal assay with
Y1206 cells. The specífic antibody in the antiserum was
also titrated in a HA assay with C5 LPS-sensitized SRBCs
(see 2.7. ) .
Table 3.7 shows that final antiserum dilutions of
1:1.1 to l:50, with complement leve1s of I3.5 to 0.3 CH50
units, were unable to kill the M206 cells in one
bactericidal assay. The HA titre of this antiserum
(I:2560) proved that there was a high level of specific
antibody present in the undiluted antiserum. The minimum
level of HuC to kill 5 x tO3 ¡tZO6 cells in a standard
bactericidal assay had been shown to be 0.6 CH50 units.
Thus, the undiluted antiserum probably also contained a
bactericidal level of complement.
The addition of GpC (19 CH50 units) in the second
bactericidal assay confirmed that the "no-kj-1I" situation,
just described, constituted a prozoning situation,
especially with the lower antiserum dilutions. Even with
the added GpC, the antiserum had to be diluted out to
1:2000 before killing was evident. Complement was shown
not to be the factor timiting the bactericidal reaction,
because high levels were present in mixtures with low anti-
serum dilutions (eg., 30 CH50 units with l:1.25) but they
did not kill the target cells.
CHAPTER 3.3 DISCUSSION
The major question, that needed to be settled at the
commencement of this study, was the relative importance of
fluid-phase and cellular-phase interactions in the Neisser-
TABLE 3.7
The prozoninql activity of fresh rabbit
hyperimmune antiserum specif ic for 5. tAphímíy,ium N1206
Antiserum
(a)
Finat dilutj-on CII50 units provided
% survival of bacteria (b)





































HA titre L22560¡ haemolytic activity
mean value of bacteria added per
15 CH50 units per ml
tube =7.7 X 103
18 CH50 units
A sample of serum was collected from rabbit G;within a few
hours, the complement leveI 1n this antiserum and absorbed
GpC v\¡as determined by the haemolytic complement titration
(see 2.4.7). The antiserum was tested for anti-M206 anti-
body in the HA assay (see 2.7.L) .
2+The neat antiserum and various dilutions in Mg saline $/ere
tested in a standard bactericidal assay, with 5 X LO3 log-
phase M206 ceLls and in I.0 mI reaction voLumes. In a
paralleI assay, another series of the same antiserum
dilutions was tested with a finaL Iz20 dilution of GpC.
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Wechsberg phenomenon. A detailed investigation of the
factors operating in the phenomenon could then proceed.
The results, presented in this chapter, firmly
supported the central role of a cell surface interaction.
The union of specific antibody to target bacterial cells
\¡ras shown to be fundamental to the NW phenomenon.
^9. typhimurium M206 cells, incubated with dilutions of
hyperimmune rabbit antiserum and then washed, still dis-
played the prozone phenomenon in the presence of a
bactericidal level of complement (see Table 3.1). The
eventual killing phase showed that specific antibody had
bound to the target cel-ls, during the preincubation period.
These results are in agreement with those of other workers
(Daguillard et aL., 1968; Muschel et aL., 1969; Normann
et aL., L972). The sensitization and washing procedure
slightly increased the prozoning activity rather than
reduced it. This indicated that the specific antibody
involved in the NW phenomenon possessed high avidity. The
work of Normann et dL., (L972) supports this observation,
but Muschel et aL., (1969) reported a reduced prozoning
activity after the washing procedure. The differing con-
ditions of the sensitization and washing procedures or
differing avidity of specific antibody may explain the
conflicting results.
The results of another experiment indicated that
experimental conditions, favouring the efficient binding of
specific antibody to the target bacteria, enhanced the
prozone phenomenon. Hyperimmune antiserum displayed a
higher prozoning activity when preincubated with M206
ce1ls, prior to the addition of complement in a bactericidal
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assay (see Table 3.2). On the other hand, preincubation
of the antiserum with the complement source had no effect
on the prozoníng activity (see Table 3.6). This indicated
that interactions between the hyperimmune antiserum and
the complement source ie., fluid-phase interactions, were
relatively unímportant in the NW phenomenon.
Muschel et aL., (1969) postulated that fluid-phase
interactions played an important role in the NtI phenomenon.
They claimed that hyperimmune antiserum, especially when
heated to inactivate complement, contains anticomplementary
factors that deplete bactericidal complement in the pro-
zoning situation; they observed an increase in the
prozoning activity of hyperimmune antiserum when heat-
treated and a consumption of haemolytic complement in the
prozoning situation. Sera with elevated y-globulin
levels , êg. t hyperimmune antisera, have been known to be
anticomplementary for some time (Davis et dL., 1944\ .
Nlrgaard (1955) associated this property with the '¡-
globulin component. Henny and Stanworth (1965) demonstrated
the aggregation of isolated I9G, when this was heated at
560. So1tis et aL., (L979) directly attributed an anti-
complementary factor, that formed on heating sera
(particularly those with elevated IgG levels) at 560, to
aggregated IgG.
Resu1ts, presented in this chapter, indicated that
such Serum anticomplementary factors played no significant
role in Èhe N!ù phenomenon. There was negligible consumption
of bactericidat (see Table 3.5) or haemolytic (see Table
3.4) complement activity when the complement source was
incubated with prozoning dilutions of heat-treated
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antiserum. Anticomplementary factors in the antiserum
therefore did not significantly inactivate the complement
source. The heating of antíserum at 560 for up to 90
minutes did not affect the prozoning activity of that
antiserum. It seems possible that the reported increase,
by Muschel et qL., (1969) was artifactual. They showed
ef ficient killing (93å) and no kilting of ^9. typhi cells
with an initial I:5 dilution of unheated and heat-treated
(560 for 30 minutes) 'rabbit antiserum, respectively. The
next dilution of antiserum tested (L:25) showed similar
incomplete kitling values, while subsequent dilutions
(1:125 and L2625) showed efficient kilting. It seems that
the additional complement, supplied by the initial dilution
of rabbit antiserum, and not anticomplementary factors in
the heated antiserum, ilâY have been responsible for the
difference in killing with the initial dilution of anti-
serum. The addition of complement has been known to
abrogate the NW phenomenon since the discovery of the
latter (Neisser and !ùechsberg' 190I) . This explanation
lvas supported by the partial killing seen with the next
dilution of unheated antiserum (L225) , as less rabbit comple-
ment was provided and therefore seemed to be unable to
abrogate the partial prozoning state.
Coombs (Muschel, 1965) suggested that soluble bacterial
antigen plays an important role in the NW phenomenon. He
did not provide experimental- evidence but suggested that
the antigen fixes specific antibody and complement in a
prozoning mixture. Complement is thus deviated from the
bacterial celIs, in this scheme. The soluble antj-gen may
originate from the bacterial culture in the assay or from
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the complement source, which is commonly absorbed with
acetone-dried or live bact.eria. The bactericidal assays
reported, in the present study, were performed with
1:10,000 dilutíons of two hour broth cultures of
Salmonellae or with washed suspensions of such cultures.
It therefore seems unlikely that sufficient soluble
bacterial antígen was present in assay mixtures to have
deviated complement in this way. Furtherr \¡rê showed that
the complement source did not contain significant levels
of bacterial antigen, provided it was absorbed with washed,
Iive bacteria (see Tab1e 2.2).
Table 3.7 showed that a freshly-collected hyperimmune
rabbit antiserum was unable to kill target M206 cells in
a standard bactericidal assay, in which the antiserum
acted both as a complement and antibody source. A dilution
of guinea pig serum, with a similar haemolytic complement
Ievel, was able to kill the target cells only with high
dilutions of the antiserum. The inability of the whole
antiserum to kiII the target cells therefore seemed to be
due to the NlrI phenomenon. It also gave a strong indication
that the phenomenon does exisL in uiuo, in undiluted plasma.
Muschel et aL., (1969) doubted whether the phenomenon could
exisL í,n uíuo because of the high level of complement in
undiluted plasma. Joos and HaIl (1968) , however, showed
that fresh whole blood from hyperimmunized rabbits was
unable to kill Br. abov'tus cells in an ín uitz'o assay.
This correlated with the existence of prozoning activity
in the serum, demonstrated in a normal bactericidal assay
system with an extrinsic complement source. Thus, experi-
mental evidence suggests the NW phenomenon to be an in uiuo
phenomenon also.
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The workr so far reported, establishes the importance
of bacteria-antibody interactions ie., cell surface inter-
actions, in the NW phenomenon. The next chapter presents
results of the investigations into the types of antibody
involved and their immunological properties.
lr9.
CHAPTER 3.4 SUMIUARY
3.4.1 The interactions between bacterial cells and
specific antibody are an important component of the
Neisser-Wechsberg phenomenon. Bacterial cel1s, when
sensitized and then washed, displayed this phenomenon
when subsequently incubated with complement. The higher
prozoning activity, when antiserum hlas preincubated with
the target ceIIs, was further supportive evidence.
3.4.2 Fluid-phase interactions ie., interactions between
antiserum and complement leading to loss of the latter, do
not play a significant role j-n the NW phenomenon. Heat
treatment of antiserum or pfeincubation of antiserum with
the complement source did not affect the prozoning activity.
There was also no significant loss of bactericidal or
haemolytic complement activity when prozoning dilutions
of antiserum were incubated with complement, under other-
wise normaf bactericidal assay conditions.
3.4.3 The in uiuo occurrence of the N!{ phenomenon $tas
supporteð, by in uitro studies. Whole fresh hyperimmune
antiserum, acting both as a complement and antibody source,
dísplayed the phenomenon in a standard bactericidal assay.
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CHAPTER 4 CHARACTERIZATION OF THE IMMUNOGLOBULIN
INVOLVED IN THE NEISSER-WECHSBERG
PHENOMENON
CHAPTER 4.1 Preamble
The central role that specific antibody plays in the
Neisser-lrlechsberg phenomenon was established in Chapter 3.
The phenomenon occurs because of the interaction of
bacterial ce1ls and specific antibody, deri-ved from a
hyperimmune antiserum. The results to follow in this
Chapter concern the nature of this antibody, termed pro-
zoning antibody.
Neisser and Wechsberg (1901) recognized the need for
a prolonged vaccination programme: prozoning activity was
more evident in hyperimmune antisera than in early anti-
sera. This has been accepted or shown by other workers,
although an extensive periodic assessment of the humoral
immune response during a vaccination progralnme has not been
undertaken. The results of such a studyr orl two rabbits,
will follow in this Chapter.
The appearance of the NW phenomenon in hyperimmune
antiserum correlates with its appearance in the sera of
human patients, during the convalescent phase of Gram-
negative bacterial infections (Thomas et aL., 1943; HaIl,
1950; Waisbren and Brown, 1966; Gower et qL., L972¡
Griffiss, 1975) . This indicates that prozoning antibodies
may be of the IgG or IgA cIass, or both. Specific Ig¡4
antibodies generally peak early in response to vaccination
or infection, whilst specific IgG and serum IgA antibodies
peak 1ater.
T2L.
Two groups of workers (Daguillard and Edsall, 1968;
Muschel et qL. , L969) have directly associated prozoning
activity in the bactericidal reaction with both IgM and
IgG antibodies. Others have associated it with only
IgG antibody (Normann, L972¡ Taylor, L972) or only IgA
antibody (HaIl et aL., L97L¡ Gríf.fiss, L975; Griffiss and
Bertram, 19771 . IgA and IgG antibodies may participate
in the NW phenomenon by binding to the target bacterial
cells and inhibiting complement fixation. There is
considerable evidence to suggest that IgA antibody cannot
fix complement in cytolytic reactions (Ishizaka et aL.,
1965; Eddie et dL., L}Tl-; Knop et aL., I}TL; Colten and
Bienenstock, I974; Hedd1e et aL., 1975) . Russell-Jones
et aL., (1980) also showed that specific IgA antibody can
inhibit the complement-mediated lysis of sheep red cetr1s
(SRBCs) sensitized with IgG antibody. Some IgG sub-
classes of various mammalian species are also known not
to fix complement eg., human IqGA (Ishizaka et aL., 1970¡
SpiegelbêT1, I974) and mouse I9GI (Klaus et aL., L979¡
Ey et aL., L979; Ey et aL., 1980).
The second part of this chapter deals with the results
of serum fractionation protocol.si¡ applied to antisera with
high prozoning activity. This study sought to establish
whether prozoning activity was restricted to a particular
class or subclass of immunoglobulin, and whether this class
or subclass could interfere with the bactericidal action of
other classes t ê9. t IgM.
L22.
CHAPTER 4.2 Results
A. The immune response during an immunization schedule
4.2.L Bactericidal and haemagglutinating antibody profiles
of rabbits vaccinated with S. typhimurium M206 celIs
Two rabbits (C and A) were vaccinated over 7 weeks with
heat-killed S. typhimurium M206 cells (see 2.3.2(b)). Sera,
collected at 7 day intervals, were tested for specific
antibody levels by the standard complement-mediated
bactericidal assay and the HA assay with C5 LPS-sensitized
SRBCs. Further details and the results are listed in
Tables 4.L and 4.2.
There v¡ere differences in the immune responses of the
two rabbits, but there 1^/ere also important similarities.
Bactericidal titres quickly rose from I:100 on day 0 to
I:I0,000 on day 7, for both rabbits. The bactericidal
activity then remained relativley static for both rabbits'
even 85 days after the last vaccination for one rabbit (A).
The other rabbit (C) died during this period and so a
paraIlel observation could not be made.
The patterns of the prozoning activity did not
follow those of the bactericidal activity. Prozoning
activity was significantly higher for one rabbit (A). The
activity had not significantly dropped on day 56 - 14 days
after the tast vaccination - but the titre then dropped
from 1:1600 to L2200 on day L27, for that rabbit (A). Pro-
zoning activity took longer to appear and. then peak than
bactericidal activity but the decline, or cessation of the
vaccinations, \^Ias more abrupt. Repeated vaccinations
seemed to be essential for the development of high prozoning
activity.
TABLE 4.I
The immune response of rabbit A to vaccination
with heat-killed S. tuphímurium M206 cells
(a) last vacci¡ration a&ninistered
T$ro-fold and ten-fold dilut,ions of heat-treated samples of
rabbit sera, collected during a vaccination schedule with
IO8 heat-killed M206 cells, were tested in standard bac-
tericidal assays. 5 x I03 tog-pfrase M206 cells and L'2 CH50
units of HuC-13 were incl-uded. These assays established pro-
zoni-ng and bactericidal titres for the sera'
Heat-treated samples of the sera \^tere tested in the HA assay ci
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The immune response of rabbit, C to vaccination
with heat-kiIled 5. tuphimurium 111206 cells
(a) last vaccìrntion aùninistered
Two-fold and ten-fo1d dilutions of heat-treated samples of
rabbit sera, collected during a vaccination schedule with
o
1O' heat-killed M206 cells, were tested in standard bac-
tericidal assays. 5 x 103 Iog-phase M206 cells and 1.2 CH5O
units of HUC-I6 were included. These assays established pro-
zoning and bactericidal titres for the sera.
Heat-treated samples of the sera were
with C5 LPS-sensitized SRBCs, in
2ul,i (see 2.7.I) . Absorption of
SRBCs was included.
tested in the HA assay

























































the sera with unsensi-tized
I23.
The patterns of the prozoning activity related better
to the patterns of the HA activity. The latter rose
gradually for one rabbit (A) ' but more rapidly for the
other (C); there was a similar trend with the prozoning
activity. HA activity peaked on day 28 (rabbit A) and
day 2I (rabbit C). Titres remained steady untit vacci-
nations were halted. They then dropped between days 42
and 56, for both rabbits, and dropped further between
days 56 and I27, for the surviving rabbit (A). Although
peak HA titres $/ere similar for both rabbits, the pro-
zoning activity was significantly higher for the surviving
rabbit duríng this period.
The patterns of prozoning activity correlated best
with 2ME-resistant HA activity. Both activities $/ere first
detected at the same time, for both rabbits. Both activities
peaked at the same time; peak activities \^/ere significantly
higher for dne rabbit (A). There was a significant drop in
both actj-vities afte:i the last vaccination, especially by
day L27.
IgM immunoglobulin is denatured by 0.1- M 2l'4I.. IgG and
IgA immunoglobulins are not denatured and so constitute
2IvIE-resistant antibody. Specific IgG and rgA antibodies
generally appear and peak later than IgM antibodies in the
immune response. This was also the case with the prozoning
activity. For these reasons, prozoning activity seemed to
be associated with specific IgA or IgG antibody t oE both.
Serum fractionation studies wêre required to further
explore these possibilities.
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B. Hyperi-mmune antiserum fractionation studies
4.2.2 Prozoníng activity of the IgG fraction
(a) Fractionation details
A hyperimmune rabbit antiserum, specific for
S. typhimurium M206, was chromatographed on a Sepharose
column (see 2.9.1(b) ) . Further details of the method and
the elution profile are shown in Fig. 4.1. Both the
resulting pH 3 and pH B eluants contained high concen-
trations of protein, according to the ODZgOrr* values.
Before the pH 3 eluant could be said to represent the IgG
fraction of this antiserum, it needed to be tested for IgG
concentration and purity. The pH B eluant and'the whole
antiserum also needed to be tested for IgG concentration
and the presence of other immunoglobulins.
(b) The immunochemical testinq of fractions
ftre antiserum and its fractions were first tested for
immunoglobulin class content by the comparative DID method
(see 2.9.3 (a) ) . Precipitin lines in Fig. 4.2^A' and 4.28
indicated that the antiserum and its pH B eluant contained
IgG and IgM immunoglobulins plus at least one other
protein. The concentration of IgG in the pH B eluant
seemed. to be low because the precipitin line, formed with
the anti-rabbit y-chain antiserum, was thin and faint.
The pH 3 eluant seemed to contain a high level of IgG but
no IgM as a thick precipitin band was formed with only
that antiserum (see Fig. 4.2C). Note that IgA was not
detected on any of the three slides in Fig. 4.2. This
\â/as due to the low potency of the anti-rabbit y-chain
antiserum used. Another batch was subsequently purchased.
FIGURE 4. T
Elution profile of a hyperimmune rabbit antiserum
a ein A-Se arose o
The IgG fraction was purified from 5-6 antiserum, by
adsorption of the serum to a protein A-Sepharose column
at pH 8.0 and elution at pH 3.0. 2.0 mI of antiserum
v\¡as dituted in 2.0 mI phosphate buffer, pH 8.0, and apptied
to the column. This was washed first with phosphate buffer
and then with citrate buffer, pH 3.0. 2 ml fractj-ons were
collected every 5 minutes; those eluted at pH 3.0 were
collected j-n tubes containing 2.0 ml of Tris-HCt buffer,
pH 8.0. :The optical density at 280 nm (OD280) was
measured, after which fractions were pooled as indicated
















pH8 eluant pl-f 3 ehraffi
FIGURE 4.2
Ccnparative dor¡ble i¡nrn:r¡cdiffusion patterns of a
hvperi¡nnr¡ne rabbit antisen¡n ard the eluants resultinq
frcrn p:ptein A-Sepharose ctrrornatocrraphy
bufJer
o a anti-p-chain antisen¡nanti-sen¡n protein ar¡tisen¡n o
anti-o-chain anti-sen¡n O O anti-sen-un protej¡r a¡rtisen¡n
o
anti-y-chain antisenrm
Sanples of the whole 5-6 antisen¡n (10 Ul) and the two eluar¡ts
(15 ut) were tested f,or irrununoglobulin content by corçarative
DID. fhe central well (4 nrn diareter) oontained tÌ¡ese sanples
(antisenrn-4, Èl 8 eh¡ant-Ð $I 3 eluant{) uùtilst t}re peripheral






It was tested with the hyperimmune rabbit antiserum and
its two eluants. Fig. 4.3 shows that the rabbit anti-
serum and the concentrated (2/5 the original antiserum
volume) pH 8 eluant contained measurable IgA. This
I
figure also shows that the pH 3 eluant, even when concen-
trated Lo \ the original antiserum volume, contained no
measurable IgA.
comparative DID tests therefore showed that the pH 3
eluant of the hyperimmune rabbit antiserum, chromatographed
on a protein A-Sepharose column, contained most of the IgG
immunoglobulin. It contained no other measurabfe serum
protein. The pH 8 eluant contained all measurable IgM
and IgA, plus a small fraction of the serum IgG'
The protein content of both eluants was also analysed
by IEp (see 2.9.3 (b) ) . Fig. 4.4A shows that the pH 3
eluant formed only one thick arc of precipitation and that
was with the anti-rabbit, y-chain antiserum. This result
again indicated that this eluant contained a high level of
]LgG, but no other serum protein. The pH 3 eluant showed
no arc with the anti-serum protein antiserum; the latter
probably contained antibody specific for rabbit IgG in
too low a concentration-
The pH I eluant formed a numlcer of arcs of precipi-
tation with the anti-rabbit serum protein antiserum and
also a faint arc with the anti-rabbit "¡-chain antiserum
(see Fig. 4.4A). These results indicated that the pH I
eluant contained the bulk of the serum proteins of the
chromatographed antiserum, but only a small fraction of
the IgG.
The IgG concentratiOn of the antiserum and its two
FIGURE 4.3
Corqcarative dor:ble i¡nn:r¡odiffusion patterns of the
hlpeni¡rmune ar¡tisen¡n ard íts fractions wittr antisen¡n
l specific for rabbit IqA
5-6 antisenrm
o
conc ¡*I a efr:arrt I
conc ¡*I 3 efr:arrt I
! ct 3 etuant




Sanples of the whole 5-6 antisen¡n (10 Ul) , tÌ¡e tr^¡o eluants
(15 Ul) and the concentrated eluants (15 Ul) were tested
for IgA content by conparative DID. The central well (4 nm
dianeter) contai¡red 10 pI of antj--rabhit o-chain antisen¡n
and the peripheral rælIs (4 nm dianeter) cont¿ined 5-6
antiserun ard its e1uanLs.

FIGURE 4.4
Inmunoelectrophoretic patterns of eh:ants, derived
from tlre hlperi¡nrn¡ne rabbit antiserun, ârd of the
standard IgG preparation
Itre prctei¡r crcnter¡t of the eh¡ants (S), resultilg frcrn the
protein A-Septrarose chrqrntogÈaphy of 5-6 antisen¡n, ard of
the stardard Iç pre¡nration (B) was determined by IP.
Sanples of the ¡fI 3 eluant ard the standard preparation were
loaded i¡rto well I, whilst sanples of the gI 8 eluant ard
the whole serrrm, frcm which the standard pre¡nration was
derived, were loded i¡rto well 2. After electrophoresis,
anti-rabbit sen¡n protein a¡rtisen¡n was placed i¡r the outer
troughs wtrile ar¡ti-rabbit y-chai¡ antisenrm (1:16) was placed






fractions was determined by SRID (see 2.9.3 (c) ) . A
standard IgG preparation, with a known IgG concentration,
was utilized. This preparation consisted of the pH 3
eluant of a normal rabbit serum, chromatographed on the
i
protein A-Sepharose column (see 2.9.L (b) ). rEP showed
that it contained IgG as the only serum protein (see Fig.
4.48). The concentration of IgG was calculated to be
2.6mg per ml by the extinction coefficient method and
3mg per m1 by the sulphosalicylic acid method (see 2.9.I(d)).
The first figure was chosen to represent the IgG concen-
trationr âs the extinction coefficient method is the more
accurate one.
Dilutions of the standard IgG preparation lâtere tested
with various dilutions of the hyperimmune antiserum and the
two eluants in the SRID test. The resulting haloes of
precipitation are shown in Fig. 4.5. A linear plot of
rgG concentration versus (diameter) 2 for the standard
preparation then allowed the IgG concentrations of the
three unknowns to be cal-cuIated.
The average values of IgG concentration \^tere thus
I.Bmg per mI for the pH 3 eluant and I2.0 mg per mI for the
whole antiserum. The 12 mI of the pooled pH 3 eluant
therefore contained 21.6m9 of IgG. The 2.0 mI of anti-
serum, chromatographed on the protein A-Sepharose column,
contained 24.0m9 and so about 908 of IgG was retrieved
in the pH 3 eluant. If 108 of IgG remained in the pH 8
eluant, the concentration there would have been only
0.15mg per mI. This probably explains why no halo of
precipitation was observed around the well-, containing
this eluant, in Fig. 4.5. Precipitin lines, indicating
FTGURE 4.5
Calculatíon of ttre IgG corcentration of tlre
hlperj¡nru¡ne antisen¡n ard its fractions by
single radial i¡nru:nodiffusion
A SRID test was perforned to determi¡¡e tJ:e IgG concentration
of 5-6 antisen¡n ard its tr^p eluants. 15 Ut of anti-rabbit
y-chain a¡rtisen¡n was incor¡nrated jnto the agarose. 5 Ul
sarples of 1:2 to I¿16 dilutions of tlre sta¡dard IgG preparation,
5-6 antisen¡n (1:10), the ÊI 3 eluant (1:2) and tlre r:ndiluted
gI 8 el:ant were loaded into the we1ls shown abor¡e.
Diameters of tÏre resrrlting haloes of precipitation were ¡reasured.
The IgG corpentration of tl¡e stardard preparation was kncmm to
b 2.6 rg per mI. A li¡ear plot of IgG æncentration vs (dianeter) 2
for the standard preparation tÌ¡en allcx¿ed the crcncentrations of
the tl¡ree unknc,vrns to be caleulated ie., 1.2 ng per ml, 0.9 mq per
mI, and an urdetectable 1evel for ttre 1:10 5-6 antisen¡n, 1:2 ¡*I 3
eh.nnt ard undiluted ¡*I B eluant, respectively.
Stardard IgG preparation










the presence of TgG, were demonstrated in the two
qualitative immunochemical tests only because they were
more çensitive.
Haemasslutinatinq antibodv activity
The hyperimmune antiserum and the two eluants,
obtained by protein A-Sepharose chromatography, were
tested for haemagglutinating antibody specific for
S. typhímuz,ium M206. Details of the assay used are given
in 2.7.L¡ the reducing agent 2ME and the absorption step
with SRBCs $/ere incorPorated.
Titres, in the absence of 2ME, were L2640, 1:40 and
1:80 for the antiserum, the pH 3 eluant and the pH B eluant'
respectively. 2I4E affected only the antiserum and the pH 8
eluant titres: they dropped to 1:160 and 1:I0, respectively'
in its presence.
The HA titre of the pH 3 eluant was high and resistant
to 2IIIF,. The latter f inding indicated that there was no
measurable specific antibody of the IgM class in this
eluant, ês only IgM immunoglobulin is denatr¡red by the con-
centration of 2I"tlF, used. Because the total volume of the
pH 3 eluant was six times that of the chromatographed
antiserum, it also contained most of the 2ME-resistant HA
activity. These results were consistent with the pH 3
eluant containing only IgG and, in particular, specific
antibody of this c1ass.
The HA titre of the pH B eluant was also high but sen-
sitive to 2MF,. AIl measurable 2ME-sensitive activity
therefore appeared in this eluant. This was consistent






the IgM class. The Iow 1evel
this eluant was probably due
residual specific IgG and of
of 2ME-resistant activity
to the combined activity
specific IgA antibody.
(d) Bactericidal antibody activity
Various dilutions of the hyperimmune antiserum and
the two eluants were tested in normal bactericidal assays,
a
wit.h 5 x 10' S. typhimuníum M206 cells. The prozoning
and bactericidal titres of each $/ere the immediate aims
of these assays
The resultsr âs shown in Tab1e 4.3, were important.
The prozoning titre of the antiserum was 12200, whilst
that of the pH 3 eluant was L220. There was some pro-
zoning act.ivity even with the I:40 dilution of this eluant.
Because its total volume was six times that of the
chromatographed antiserum, the pH 3 eluant seemed to account
for the majority of the prozoning activity of the antiserum.
I
The prozoning titre of the pltrneluant was <I:5, although
some activity was evident at this lowest dilution tested.
The total volume of the pH B eluant was eight times that
of the chromatographed antiserum, and so its contribution
to the prozoning activity \t¡as seen to be smaIl.
The results, so far, indicated that the pH 3 eluant
contained the bulk of the IgG immunoglobulin as the only
serum protein and possessed most of the prozoning activity
of the chromatographed antiserum. Specific antibody of
the IgG class $ras therefore thought to be the antibody
responsible for the NW phenomenon, in the system studied.
The low level of prozoning activity seen in the pH 8 eluant
may have been due to specific antibody of the IgA or IgM
TABLE 4.3
The prozoníns and bactericidal activitÍes of the
hyperimmune antiserum and the eluants, resultinq
from one step protein A-Sepharose chromatographv
I
(a) 
The mean value of bacteria added per tube = 4.0 x rO3
(antiserum), 4.9 X I03 (pH 3 eluant) a¡rd 3.8 X f03 (pH 8 eluant) .
Various dilutions of 5-6 antiserum and the two eluants,
resulting from protein A-sepharose chromatography, \^/ere
tested in threé standard bacterj-cidal assays. 5 X 103
Iog-phase M206 cells and L.2 CH50 units of Huc-13 \^7ere
added to the reaction mixtures.
Dilution of
antibody source
% survival of bacterla (a)










































classes, but it may also have been due to the low level
of specific IgG antibody present.
The bactericidal titres reflected the immunoglobulin
compositions of the two eluants. The pH 3 eluant, con-
taining only the bulk of the IgG of the chromatographed
antiserum, showed a significantly lower titre (1:160)
than the pH I eluant (I:1000). The latter contained all
the measurable serum IgM. Specific antibody of this
class, being more efficient in the complement-mediated
bactericidat reaction than that of the IgG class (Robbins
et aL., 1965; Daguillard and Edsa1l, 1968; Eddie et aL.,
I97I; Schulkind et aL., 1972), often accountsfor the
majority of the bactericidal antibody activity of an anti-
serum. This appeared to be the case with the chromatographed
antiserum.
Stronger evidence, that specific IgG antibody was
responsible for the prozoning activity of the antiserum,
followed. The lower dilutions of the chromatographed anti-
serum and its pH 3 eluant, already tested in bactericidal
assays, were expressed as Ug of total IgG. The concen-
trations of the undiluted antiserum and pH 3 eluant were
already calculated (see 4.2.2(b)). Fig. 4.6 shows the
plot of 3 survival values vs the pg of total IgG added,
in these low dilutions. For both the antiserum and its
pH 3 eluant, good prozoning activity was evident when the
total IgG in the reaction mixture was above 50 U9. It was
reasonable to assume that the specific antibody fraction
of the total IgG was similar for the antiserum and its
pH 3 eluant, ês protein A binds to the Fc and not the Fab
fragments of rabbit IgG molecules (Grov, L973; End.resen,
FTGURE 4.6
The prozoning activities of the hyperimmune
antiserum and its pH 3 eluant in relation
to the total IqG content
The ditutions of S-6 antiserum and j,t's pH 3 eluant,
appearing j-n TabIe 4.3 as prozoning diluti-ons,
were expressed as total IgG values and were
ptotted vs the corresponding % survj-vaI values.
The undiluted antiserum and its pH 3 eluant were
taken to contain L2.0 and I.8 mg per ml of total
I9G, respectively (see 4.2.2 (b) ) .
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1978). This indicated that prozoning activity was
evident, with both the antiserum and the pH 3 eluant,
when the level of specífic IgG antibody in the reaction
mixture was above the same value. This correlation
strongly indicated that specific antibody of the IgG class
was sole1y responsible for the prozoning activity of the
chromatographed antiserum.
4.2.3 Prozoning activity of subpopulations of the
ISG fraction
(a) Fractionation details
A hyperimmune rabbit antiserum, specific for
.9. typhimurium N1206, was chromatographed on a protein A-
Sepharose column, with washes incorporating buffers of
increasing acidity (see 2.9.1(c) ) . Details of the elution
profile are shown in Fig. 4.7.
The resulting pH 8, pH 6, pH 5 and pH 4 eluants con-
tained reasonable concentrations of protein, according
to the optical density (OD2BO) values. The pH 7 eluant
contained little protein while no protein was eluted at
pH 3.0. The pH 7 , pH 6, pH 5 and pH 4 eluants b/ere believed
to contain only IgG, and the pH B eluant was believed to
contain all other serum proteins.
(b) The immunochemical testing of fractions
The antiserum and its five eluants \^rere first tested
for immunoglobulin class content by the comparative DID
method (see 2.9.3 (a) ) . All six showed a precipitin line
with anti-rabbit y-chain antiserum, each line joined that
formed with anti-rabbit serum protein antiserum. Only the
FIGURE 4.7
Ste ise elution rofile of h eri-mmune rabbit
anti serum on a protein A-Sepharose column
A number of IgG fractions \^/ere purified from C-8
antiserum, by adsorption to a protein A-Sepharose
column at pH 8.0 and by stepwise elution at
decreasing pH values . 2.0 mI of the antiserum was
diluted in 2.0 mI of phosphate buffer, pH 8.0, and
applied to the column. This was washed first with
phosphate buffer and then with citrate buffers of
pH 7.0, 6.0, 5.0, 4.0 and 3.0. 2.5 ml fractions
\,vere collected every 6 minutes until the OD2g'rr*
(OD2B0) value was Ínsignificant. The column was
then washed with the buffer of the next acidic pH.
Fractions were pooled as indicated (pH 8, pH 7 , pH 6,
pH 5 and pH 4 eluants) . The resulting eluants were





















antiserum and its pH I eluant showed multiple lines with
the anti-serum protein antiserum. These results indicated
that each of the five eluants contained a measurable
fraction of the serum IgG. The pH 6 and pH 5 eluants, in
particular, showed thick and long precipitin lines with
the anti-y-chain antiserum; this indicated high IgG levels.
The corresponding line was faint and short for the pH I
eluant; this Índicated a Iow IgG level.
Fig. 4.8 shows that only the pH B eluant contained
detectable levels of the serum IgA and IgM immunoglobulins,
because only the concentrated pH 8 eluant showed precipitin
lines with the anti-o,- chain and the anti-U-chain anti-
serum, respectively. This constituted evidence to suggest
that the pH 7 , pH 6, pH 5 and pH 4 eluants contained IgG,
with differ-i-ng reactivities for protein A, but no IgA or
IgM.
Because of the dilution factors inherent in this
fractionation procedure, the IgG concentration in the
eluants was believed to be too low for the accurate deter-
mination by single radial immunodiffusion. The extinction
coefficient method (see 2.9.I(d) ) was preferred; IgG
concentrations of 0.15, 0.34, 0.33 and 0.22 mg per mI were
calculated for pH 7 , pH 6, pH 5 and pH 4 eluants,
respectively. These values v/ere in agreement with the
predicted relative levels, from the comparative DID tests.
(c) Bactericidal and other antibody activities
Standard bactericidal assays, with 5 x 103
,S. typhimuriun N1206 ce1ls, revealed that the prozoning
activity of the whole antiserum was distributed amongst
the pH 7, pH 6, pH 5 and pH 4 eluants (see Table 4.4') . The
FIGURE 4.8
Conparative double i¡rmur¡cdiffusion patterns of a
hlperinnune antisenrm ard tT¡e eluants resulting
frcm stepvise protei¡r A-Sepharose chrcnratogratr*ry
C-8 antiserum
o
corn ÉI   efuarrt I
conc ¡*I S efr:ant I
f.o". gI 8 etuant
| *". ¡fI 7 eluant
o
o
corc ¡*I 6 eluant
Sanples of the whole C-8 antiserum and its eh:arrts viere
tested for IgA ard IW content þ oonçnrative DID. Ilre
central well (4 nrn dianeter) æntained t5 UI of anti-rabbit
U- chain antiserum (Ð or anti-rabbit a-ct¡ain a¡rtiserum (B).
Itre penipheral wells (4 run dianeter) contained 15 Ul of
antisen¡n and its eluants. flre latter were cþncentratæd
by the u.se of a Bl5 ltlinicon unit (Amicon Cor¡nration, Mass.,
USA) ()(25 for ¡fI 4 eLrant; X5 for all other eluants).
m
(a) prozonilg and bactericidal titres were determi¡red by.testing dor:bling djl-utions of C-B antiserum arld its
e}:a¡ts in standard bactericidal assays, with 5 x I0" Iog-phase 14206 cells ard 1.2 CII50 r:n-its of Ht¡C-14.
(b) 
Dor:b1irg dilutions of t]:e antisen¡n a¡d its eluants (25 Ut) were i¡rsubated wit] VBS (50 UI) ard C5 LPS-
TABLE 4.4
Specific antibody activities of a hyperimmune antiserum and the five
fractions obtained from stepwise protein A-Sepharose chromatoqrraphy
sensitized SRBCs (25 uI) at rocrn tørperature (see 2.7.I).
The ssrli-guantitative assay (see 2.6.1(a)). Dor:bling dilutions of tlre antisen¡n ard its eh:ants (25 Ul),
\iBS (25 UI), a 1:10 dilution of GþC (25U1) ard C5 LPS-sensitized SRBCs (25 Ul) were incubated at 37o.





(b) jrnrLìne haenolytic (c)






































pH 6 and pH 5 eluants contained the highest prozoning
activity. Atthough the stated titre of the pH 5 eluant
was 1:5, there was still inefficient killing wíth the
1:I0 ditution and so the difference between these two
eluants was not as great as shown in the table. The pH 7
and pH 4 eluants contained lower prozoning activities.
Again, although the st.ated titre of the pH 7 eluant was
1:3, there was inefficient killing at 1:5. of these four
eluants, the pH 6 and pH 5 eluants also showed the highest
bactericidal titres. The titre of the pH 4 eluant was
significantly higher than that of the pH 7 eluant;
therefore the bactericidal activity seemed to more
accurately reflect the total IgG concentration in each
eluant than the prozoning activity-
The pH g eluant, which contained very little IgG but
all other measurable serum proteins, efficiently killed
target 1,4206 cells even at a f inat I: 3 dilution and so did
not show any prozoning activity. However, the bactericidal
activity was very high and was consistent with the presence
of high levels of specific IgM antibody in this eluant.
These results again indicated that specific antibody
of the IgG class was responsible for the prozone
phenomenon. Furthermore, the stepwise elution of IgG from
protein A-sepharose could not link this specific antibody
to any fraction, with a narroh/ range of reactivity for
protein A.
Table 4.4 reveals that the pH 8 eluant contained the
buLk of the specific HA activity of the antiserum. This
was consistent with the observed high leve]s of IgIt{ and
IgA immunoglobulins (see Fig. 4.8) in this eluant. The
r33.
pH 6, pH 5 and pH 4 eluants showed lower HA activity
whitst the pH 7 eluant showed activity only when undiluted.
The titres of these four eluants reflected their total IgG
content.
The pH 8 eluant also contained the bulk of the
specific immune haemolytic activity of the antiserum.
This was presÌlmab1y due to the high IgM content in this
el-uanÈ. The pH 6 and pH 5 eluants showed lower haemolytic
activity, whilst little haemolysis was evident even with
the initial t:5 dilutions of the pH 7 and pH 4 eluants.
The titres of these four eluants closely paralleled
their prozoning titres.
To summarise, protein A-Sepharose chromatography did
allow IgG fractions of differing protein A reactivity to be
isolated from a hyperimmune rabbit antiserum with prozoning
activity. All of these fractions contained prozoning
activity and all contained specific IgG antibody capable
of fixing complement. Although the pH 7 and pH 4 eluants
did not show immune haemolytic activity, all four eluants
showed significant bactericidal activity. No evidence of
non-complement-fixing IgG antibody was seen.
4.2.4 The effect of a prozoninq IqG fraction on the
bactericidal reaction mediated by specific IgM
antibody
(a) rcM fractionation details
The method, whereby the IgM fraction of a rabbit anti-
serum \'iras isotated f rom other serum proteins, is given in
2.9.2. Briefly, the antiserum, collected early in a
vaccination schedule wit.h S. typhimunium M206 cells, was
L34.
first chromatographed on a Sephadex G-200 column. The
el-ution profile is shown in Fig. 4.9. Fraction I7
(pooI; 1) $ras thought to contain mostly lipoprotein, as
an aliquot precipitated with a heparin/manganous chloride
solution. Fractions 19 to 2I (pool II) and fractions 22
to 27 (pool III) were thought to contain the bulk of the
serum IgM and IgG, respectively. Fractions 28 to 32
(poo1 IV), constituting the major protein peak, were
thought to contain the serum albumins.
Pool II was then chromatographed on a protein A-
Sepharose column, (as described in 2.9. I (b) ) to remove
contaminating serum IgG. Most of the protein in the
pool was eluted at pH 8.0, according to the ODrrO values
in Fig. 4.9. The resulting pH 8 eluant was believed to
contain the serum IgIt{ and no other serum proteins,
especially not IgG or IgA. Some protein was eluted from
the column at pH 3.0. Thus, IgG was present in pool TI,
but presumably only in a low concentration.
The pH 3 and pH B eluants were coircentrated to half
and the same volume of the original serum, respectively.
(b) The inrnunochemical testing of fractions
The antiserum, pools I, III and IV (from G-200
chromatography), and the concentrated pH 3 and pH I
eluants (from protein A-Sepharose chromatography) hrere
first tested for immunoglobulin class content by the DID
method (see 2.9.3 (a) ) . Fig. 4.104 shows that IgM was
detected only in the concentrated pH B el-uant and the whoLe
antiserum. All the serum IgM appeared to be present in
this eluant.
FTGURE 4.9
Sephadex c-200 and r:rotein A-Sepharose
romat ra h to iso a I M fracti nofa
antiserum, collected early irr a vaccination schedule
2.0 ml of A-3 antiserum \^¡as passed through a glass
column (4Ocm x 2.5 cm) packed with Sephadex G-200.
Phosphate buffer, pH 8.0, was used to wash the column
through and 5 ml fractions were collected every 10
minutes. A total of 40 fractions were collected and
those, constituting protein peaks, \^/ere mixed as pools
I, II, f II and IV.
PooI II \^/as then passeC through the protein A-Sepharose
column. ft was washed through with phosphate buffer and
lI x 2 ml fractions \^/ere collected. Fractions with
elevated protein levels were pooled as the pH 8 eluant.
This 18 mI was concentrated to 2 mL using a Mj-nicon BI5
concentrator. Citrate buffer, pH 3.0, $/as then used to
wash the column through and 7 x 2 mI fractj-ons were
collected. Fractions with elevated protein Ier¡els were
























Ccnqcarative dor-¡b1e i¡nrn¡rpdiffusion patterns of an
antisen¡n ard the fractions resr.ü-Linq from Sephadex C.-200





O -* ¡fI B eluant
| .".. SI 3 eluanto
pool I
Sanples of tÌ¡e whole A-3 antisen¡n ard its fractior¡s were
tested for IgM and IgG æntent by corparative DID. The
central well (4 rm or 2 nm dianeter) contained I0 ul of
anti-rabbit U-chain antiserum (A) or 5 ¡rI of a¡rti-rabbit
y-ctrain antisen¡n (B) . ltre ¡nripheral wells (4 nrn dianetær)
æntained I0 Ul of vitrole antisen¡n and the ooncent¡atæd








The serum IgG was mainly detected in pool TIT, as
shown iri Fig. 4.108. Some also seemed to be present in
the concentrated pH I eluant! Although the concentrated
pH eluant did not show a precipitin line with the anti-
y-chain antiserum on this occasion, this line was seen in
other testings. Thus, I9G seemed to be present in the
concentrated pH 3 eluant, but only at a low level.
Aliquots of pools T I III and IV were concentrated
5X, 10X and 10X, respectively, in a Minicon 815 unit.
These concentrated pools, the concentrated pH 3 and pH I
eluants, and the whole antiserum were tested for IgA by the
DïD test. Fig. 4.II shows that only the concentrated
pool III and the antiserum showed an identical precipitin
line with the anti-y-chain antiserum. All the serum IgA
appeared to be present in pool III.
The DID test with anti-y-chain antiserum seemed to
indicate that the concentrated pH B eluant contained some
IgG. The SRID technique (see 2.9.3(c)) was used to
quantitate the IgG level in the concentrated pH B eluant,
as well as in other serum fractions.
Fig. 4.L2 shows the results when just the concentrated
pH 3 and pH B eluants were tested. A smal-I halo of pre-
cipitation around the weII containing the concentrated
pH 3 eluant indicated that this eluant contained some IgG
but at a concentration lower than I00 pg per mI. The large
but very faint halo around the well containing the
concentrated pH B eluant was an important finding. This
eluant formed a faint precipitin line with the same anti-y-
chain antiserum in the DID test (see Fig. 4.I08). This
antiserum appeared to contain a low leve1 of antibody
3
FIGURE 4.1I
Conq¡arative double i¡nrn:r¡cdiffusion patterns of the
antisen¡n ard its fractions with antisen¡n










oonc trfi B eluant
Sanples of the v¡tp1e A-3 arrtiserum (10 UI) ard its corcentrated
fractions (l5 Uf) were tested for IgA content by DID. The
central well (4 nm diarnater) conÈained 10 UI of arrti-rabit
cx,- chain ar¡tisen¡n whilst the peripheral wells (4 rm dianeter)




Calcr¡l-ation of the rqG concentration of the
concentrated pH 3 and ÉI 8 eluants
by single radial i¡rn¡.rrodif fus ion
A SRID test r^/as performed to deterrnine tlre IgG corcentration
of t].e concentrated SI 3 and pH 8 eluants of A-3 a¡rtiserwn.
15 pI of anti-rabbit y-chain antisen¡n was i¡cor¡nrated i¡to
the agarose. 5 pI sanples of I:B to 1:24 dilutions of the
standard IgG pre¡:aration ard the undiluted eluants were
loadedlirrto the wells sÌpwn above-
Diameters of tlre resulting haloes of precipitation v'¡ere ÍÞ¿rsured.
Itre IgG concentration of the stardard preparation was krrcwn to be
2.6 ng per InI. A linear plot of IgG conc-entration vs (dianeter)2
for ttre standard preparation then allor¡red the concentrations of
the conc pH 3 and ¡fI I eluants (<100 Ug per nù) to be calculated.
Stândärd IgG preParation














specific for rabbit. IgM. The precipitation observed in
both tests was presumably due to the interaction of this
contaminating antibody with the high level of IgM in the
pH I eluant. It was concluded that the pH B eluant
contained no detectable serum IgG.
The IgG concentration of the whole antiserum and
pool III was calculated to be I0.7 and 0.8 mg per ml,
respectively, from other radial immunodiffusion tests.
The total volume of pool TII \^ras approximately 26 mI; this
meant that between 952 and 100U of the serum IgG was
collected in this pool.
The two immunochemical tests established that the pH B
eluant contained alI of the detectable serum I1M, but no
IgG or IgA. For the remainder of this section, the con-
centrated eluant will be referred to as the IgM fraction.
(c) Bactericidal activity of the IgM fraction
Various dilutions of the I9M fraction were tested in
a standard bactericidal assay with 5 x 103 s. typhimut'ium
M206 ceIIs. Table 4.5 shows that, although the three
Iowest dilutions tested did not completely kiIl the target
cells, there was no clear prozoning activity in the IgM
fraction. The prozoning titre was thus <1:5 compared with
the very high bactericidal titre of 1:I00,000.
Table 4.L shows that the prozoning and bactericidal
titres of the whoÌe antiserum were calculated to be 1:I0
and 1:I00,000, respectively. The IgM fraction consisted
of the pH I eluant, concentrated to the origj-nal volume of
chromatographed antiserum. The IgM fraction lacked the
clear prozoning activity of the whole antiserum but
TABLE 4.5
The bactericidal actí v tv of the IqM fraction

























(a) tlre mean value of bacÈeria added per tube = 6.6 x IO3
Various dilutions of the IgM fraction, derived from
A-3 antiserum, were tested in a standard bactericidal
assay, with 5 X 103 log-phase ¡4206 cells and L.2 CH50
unlts of HúC-I .
137.
contained most of its bactericidal activity. Again,
specific IgM antibody, present in high concentration' was
shown not to mediate the prozone phenomenon
(d) The interaction of apr ozoninq IgG fraction and
the bactericidal IqM fraction in the bactericidal
reaction with S. tuphimurium M206
This important study established whether prozoning
dilutions of the IgG fraction of a hyperimmune antiserum
(see 4.2.2\ could interfere with the bactericidal action
of the IgM fraction. Log-phase M206 cells were first
sensitized with severaf dilutions of this IgM fraction.
The bacteria vtere then exposed to various dil-utions of the
IgG fraction, before the addition of complement and the
performance of a standard bactericidal assay'
The important finding was that there was no significant
difference in the prozoning activity of the TgG fraction,
whether the target bacteria had been presensitized with
low or high bactericidal levels of the IgM fract,ion (see
Tab1e 4.6) . Prozoning titres were l-:71, I:53, 1:71 and
I:53 when the target cells were presensitized with no'
I:100, 1:1000 and I:10,000 ditutions of the IgM fraction.
Even these slight differences u/ere misleading because
significant numbers of target cells survived at the 1:71
dilution, whatever dilution of the IgM fraction was added'
Table 4.6 also shows that the three dilutions of the
IgM fraction were bactericidal in the absence of the IgG
fraction. These results agreed with previous findings
(see Table 4.5). The IgG fraction of the hyperimmune anti-
serum showed strong prozoning activity at I:30, LzAO, 1:53
TABLE 4.6
The effect of prozoning IgG antibody
on the bacterici dal action of the IqM fraction
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(a) 
The ¡rean value of bacteria added per tube = 3.8 x 103
(b) úre pH 3 eluant, derived by tlre protein A-Sepha:ose ch:rcrna@raphy
of 5-6 antisenrm (see 4.2.2)
3 x 104 log-ptase M206 cells were sensitized (4o,15 minutes)
with IgM fraction dilutions of 1:100, l:10,000 and 1:100'000
in a total reaction volume of 6.0 mI. The cells \^tere then
centrifuged down at 4o and resuspended as 5 x I04 per mI.
2+Aliquots (0.1 ml) were added to tubes containing Mg saline
(0.7 mI) and various dilutions of the IgG fraction from a
hyperimmune antiserum ( 0. I mI) . The mixtures \^¡ere incubated
at 4o for 20 minutes, before the addition of I.2 CH50 units of
HuC-I4 (0.1 mI) and the commencement of a standard bactericidal
assay.
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and 1:71 dilutions, in the absence of the IgM fraction.
The 1:80 dilution was the only bactericidat one. These
results l^rere also consistent with previous findings (see
Table 4.3). The control tube, lacking both antibody
sources, showed no ki11in9 and so indicated that the
complement source \^ras f ree of bactericidal antibody.
The study showed that specific IgG antibody, with pro-
zoning activity, could block the bactericidal action of
specific IgM antibody, even after the latter had been
incubated with, and, had bound to, target M206 cells. If
one specific IgM molecule was assumed to sensitize each
M2O6 cell at the 1:I00,000 dil-ution ie., the highest
bactericidal dilution (see Table 4.5), then 1000 molecules
possibly sensitized each cell- at the 1:I00 dilution. Never-
theless, killing did not occur-
CHAPTER 4.3 Discussion
The work, described in chapter 3, estabtished that the
Neisser-Wechsberg phenomenon is mediated by the inter-
action of target bacterial cells and specific antibody.
One immediate question to be resolved was the nature of
this antibody. In particular, it was important to establish
whether prozoning activity was restricted to a certain
class or subclass of immunoglobulin, and whether a par-
ticular property of such a class or subclasS r¡tas responsible'
Accordingly, the appearance of prozoning activity, in
relation to other specific antibody activities, was closely
followed during a vaccination schedule, involving rabbits
and heat-kilted ,s. typhimurium M206 cells. Antj-sera'
collected early and late in this vaccination schedule '
r39.
were also fractionated into various immunoglobulin
classes. Specific antibody activities, including pro-
zoning activities of these were assayed. All evidence
suggested that specific IgG antibody, appearing late in the
I
vaccination schedule, is that responsible for the Neisser-
Wechsberg phenomenon, in this system-
since the NW phenomenon was discovered, a long vacci-
nation schedule has been recognized to be a requirement
for high prozoning activity in any antiserum collected.
Normann (L972) provided some supportive evidence by com-
paring the bactericidal activities of two rabbit antisera,
that were collected at different times, during a vaccination
schedule with ^9. typhimurium 395 MRO. The data, described
in 4 .2.L, represented a more detailed study. T\^¡o rabbits
r¡rere bled once a week, prior to the intravenous injection
o
of 1Oo heat-killed M206 bacteria, for at least B weeks.
prozoning activity first appeared after a detray of two
weeks and then continued to rise steadily to a maximum leveL
after four weeks (see Tables 4.I and 4.2). It remained at
this level until the vaccinations ceased; it then declined
rapidly. specific IgM antibody generally peaks earlier
than IgG or IgA antibody in immune responses. These
observations therefore indicated that prozoning activity
vras restricted to either IgG or IgA antibody, oE both, but
not to IgM antibody. They also indicated that a continuous
antigenic stimulus was required for the maintenance of pro-
zoning activitY.
The bactericidal activity peaked after two weeks and
did not decline, even 80 days after the last vaccination.
Specific HA activity also appeared early but it rose slowly,
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and then declined quickly after the last vaccination.
HA activity, resistant to 2148, appeared one to two weeks
l-ater than the general activity. This represented the
combined IgG and IgA antibody specific for the M206 strain,
as IgM immunoglobulin is susceptible to reduction by 0.1 M
not susceptible (Cape1 et aL., I980). The prozoning
activities of both series of sera correlated very well
with their 2ME-resistant HA activities. Both activities
peaked significantly higher for one rabbit. Specific IgG
or IgA antibody t ot both' were again implicated as being
responsible for the prozoning activity of the antisera.
Several points need to be remembered when assessing
the data from the vaccination schedules. Bactericidal and
haemagglutination reactions are secondary antibody inter-
actions. Specific antibody of the IgM class is
significantly more efficj-ent than that of the IgG class
in the bactericidal reaction wit.h Salmonella bacteria as
target cells (Robbins et aL., 1965; Daguillard and Edsa1l,
1968; Eddie et aL., L97L; Schulkind et dL., 1972') . IgA
antibody is generally believed to be unable to mediate this
reaction (adinolfi et qL., 1966; Eddie et aL., L97L; Knop
et aL., L97I; Heddle et aL., 1975) . Specific IgM antibody
is also more efficient than specific IgG (Benedict, 1965)
and specific IgA (Ishizaka et aL. , 1965) antibody in HA
reactions. The contribution of specific IgG and IgA anti-
body to the totat population of anti-M206 antibody in the
antisera was higher than that manifested in the bactericidal
and HA titres.
The dominant immunogens in vaccines comprising Gram-
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negative bacteria are the O-somatic antigens ie. , the
polysaccharide side-chains of the outer membrane LPS.
They are regarded as Iead.íng to antíbody responses that
are, at least initially, of the IgM class only. The switch
in the production of IgM antibody to IgG antibody is much
fess pronounced and the secondary response does not result
in the marked rise in antibody level, noted with protein
antigens (Britton and MoIIer, I96B; Holmgren, I970¡
Holmgren et aL., 197I) . Specific IgG antibody appears
Iater in the primary response and is heightened by repeated
vaccinations (Holmgren, 1970; Gupta and Reed, l-97L¡
Schulkind et aL., 1972) . The results obtaj.ned from the sera'
collected throughout our Vaccination schedules ' $¡ere
consistent with these previous findings. Specific IgM anti-
body was present throughout, but the IgG antibody
(ie., 2ME-resistant antibody) seemed to appear later-
The avidity of specific IgM and IgG antibodies,
together with their secondary activities, increase during
the immune response to such vaccines (schulkind et aL.,
Ig72; Holmgren and Svennerholm, L972; Ahlstedt et aL., 1973) .
Specific antíbody of the IgG class also has higher avidity
than that of the IgM class, in any one antiserum (Robbins
et aL., 1965; Holmgren and Svennerholm, L972) - These
findings indicated that prozoning antibody, suspected to be
of the IgG class, was very avid as it appeared relatively
Iate in the vaccination schedules.
The fractionation of antiserum with high prozoning
activity was a crucial step in assigning the activity to
specific antibody of the IgG class. The protein A-
Sepharose chromatography method of Goding (L976) presented
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itself as a simple yet effective way of separating IgG
from aII the other serum proteins. The predicted yield
of IgG was doubtful, due to the reported low reactivity
of rabbit I9G with Staphylococcal protein A (Sjöquist.
et qL., 1967; Forsgren and Sjöquist, L967¡ Grov, 1973¡
Endresen, L97B) . Several prozoning antisera were fraction-
ated on the protein A-Sepharose column, in the present' study.
These fractionations aII resulted in the majority (about
903) of the serum IgG being collected in the pH 3 eluant
and aII other serum proteins being collected in the pH I
eluant. The yield of IgG from the one step fractionation
(10.8 mg per mI of serum) was a little higher than that
quoted by Goding (L976) and significantly higher than those
quoted by Grov (L973) and Endresen (1978). These workers
fractionated normal rabbit serum and. the technique of the
Iatter two workers \^tas significantly different. They first
precipitated the globulins from serum with ammonium sulphate
and fractionated these on a DEAE-cellulose column, before
loading the partially purified IgG fraction onto a
protein A-Sepharose column. Some serum IgG must have been
lost in the preliminary fractionations.
The pH 3 eluant, from the one step fractionatj-on, con-
tained IgG as the only serum immunoglobulin and protein
(see 4.2.2(b) ) . Its specif j-c HA activity was resistant to
activity of the IgG class. In contrast, the HA activity
of the pH 8 eluant was reduced eight-fold by 2l4E¡ this was
consistent with specific activity of the IgM class. The
residual low activity was due to the combined specific IgG
and IgA antibody. Very litt1e IgG remained in the pH B
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eluant therefore this 2ME-resistant activity was probably
due to the specífic IgA antibody. The contribution of
specific IgA antibody to the HA activity of the whole
serum therefore seemed to be small.
The most important finding in the fractionation study
was that the pH 3 eluant contained practically aII of the
prozoning activity of the antiserum (see Table 4.3). The
Ievel of total TgG, that was required to cause a prozone
phenomenon, \^Ias similar, for both the whole antiserum and
iti pH 3 eluant (50 ug). In contrast, the pH I eluant
contained most of the bactericidal activity of the antiserum"
This was consistent with the demonstrated presence of the
serum IgM. The slight prozoning activity, shown by a very
low dilution of the pH B eluant (see Table 4-3), htas
probably due to the low level of specific IgG antibody, âs
a little IgG was demonstrated in this eluant by immuno-
electrophoresis (see Fig. 4.44) .
The results unequivocally showed that specific antibody
of the IgG class, and not that of the IgM or IgA classes,
is responsible for the Neisser-Wechsberg phenomenon. The
results also agreed with those obtained by Normann (I972\
and Normann et aL., (1973), involving the fractionation of
rabbit antisera specific for 5. typhimurium MRO 395 and
s. enteriditis, respectively. They al-so agreed with the
results obtained by Taylor (L972), who fractionated the
prozoning sera of two human patients, convalescing from
Pz.oteus mínabiLis infections. Two groups of workers
(Daguillard and EdsaII, 1968; Muschel et aL.' 1969)
reported prozoning activity in the IgM as well as IgG
fractions of rabbit antisera specific for 5. typhi. The
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fractionation techniques had serious deficienciesr âs
described in 1.2.I, that may explain why prozoning activity
was detected in the IgM fractions.
Alt.hough the results of this fractionation study
:
clearly indicated that specific antibody of the IgA class
did not possess prozoning activity, t.his antibody has been
implicated in other studies. Thus, colostral IgA from
rabbits vaccinated with S. typhímuriun cells can inhibit the
bactericidal activity of the serum IgG or IgIt'I antibody
(Eddie et aL,, 1971) . HaII (1950) reported that sera from
humans chronically infected with t ot convalescing from an
acute infection with, BruceLLa abontus, are unable to kill'
this bacterium. Rabbits, hyperimmunized with this bacterium,
display prozoning activity in their blood (Joos and HalI,
1968). Serum fractionation studies indicated that the IgA
fraction is responsible (HaII et aL., 1971) , although the
contamination of this fraction by IgG and other serum
proteins weakened the argument. Sera from patients con-
valescj-ng from Neisseria meningitidis infection or from
rabbíts hyperimmunized with this bacterium, are also known
to have prozoning activity (Thomas et aL., 1943; Griffiss,
L975). Griffiss reported that the IgA fraction from con-
valescing patients is not bactericidal and that it
specifically inhibits the bactericidal activity of both
the IgM and IgG fractions. He stated, however, that
significant inhibition was observed only when an IgA 1evel,
far in excess of that in serum, r^ras added to the
bactericidal fractions. Recently, Russell-Jones and co-
workers (f980) reported that monomeric (serum) and polymeric
(secretory) IgA can inhibit the complement-mediated lysis of
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red blood ce1ls sensitized with IgG antibody. The poly-
meric form appeared to be 100 times more efficient as an
inhibitor, on a molar basis, and this gave credence to
the major finding of Eddie et qL., (I97I) .
L
These sources of evidence suggest that specific IgA
antibody does inhibit the bactericidal action of IgG and
IgM antibody, and complement-mediated cytolytic reactions,
in general. This activity is presumably due to the failure
to fix complement (Ishizaka et aL., 1965; Eddie et aL.,
I97L; Knop et aL., I97L; Colten and Bienenstock, 1974¡
Heddle et qL., 1975) . However, it seems doubtful that
specific IgA antibody is responsible for the prozoning
activity of hyperimmune antisera; specific IgG antibody
seems to be responsible, instead. The fractionation pro-
cedures in these previous studies were condusive to the
formation of anti-complementary products or the
concentration of IgA required to inhibit bactericidal IgG
or IgM antibody was far in excess of what occurs in the
wholé serum (Griffiss, 1975).
Ir{ouse rgG subclasses (rgcl , IgG2a and rgczb) can be
simply isolated from whole serum by sequential acid elution
from a protein A-sepharose column (Ey et aL., 1978) - The
IgGI subclass has been shown to consist of two isotypes,
one able and the other unable to fix complement upon
association with antigen (Ey et aL., L979; Ey et aL., 1980).
The second isotype can interfere with the sensitization of
target cells by the complement-fixing fgGZ antibodies.
It seemed possible that the rabbit fge fraction, found
to be responsible for the NW phenomenon in the present study,
couLd contain a subpopulation or even a subclass of IgG that
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is unable to fix complement. Subclasses have not yet been
defined for rabbit fgC, although distinct fractions have
been prepared and characterized (Schlamowi|z et aL., 1975).
Specific antibody of this particular subpopulation or
subclass may then compete with bactericidal IgM and IgG
antibody to effect the prozone phenomenon. The sequential
acid elution technique of Ey et dL., r'^ras used, in the
present study, to isolate three (pH 6, pH 5 and pH 4
eluants) and possibly four (pH 7 eluant) IgG fractions
from a prozoning antiserum (see Fig. 4.71 . AII showed
prozoning, bactericidal, specific haemagglutinating and
specific haemolytic activities (see Table 4.4). The
fraction, containing all other serum proteins including
Igl"[ (pH B eluant) , showed no prozoning activity but every
other activity. Thus, although IgG subpopulations with
different protein A binding characteristics could be isolated'
they $¡ere all able to fix complement. The NW phenomenon
cannot be caused by the competition between non-complement-
fixing IgG antibody and bactericidal antibody for bacterial
antigens. A form of hindrance ê9., electrostatic or steric,
of complement components by celI-bound IgG antibody' seems
a likely explanation.
The effect of prozoning IgG antibody on the bactericidal
activity of IgM antibody was also determined (see Table 4.6\.
Itl2O6 cells were first sensitized with the IgIr{ fraction of
an early antiserum. The IgM fraction possessed bacteri-
cidal activity but no prozoning activity. The same dilution
of the prozoning IgG fraction was then able to inhibit the
complement-mediated killing of these sensitized cells as
\^ras required to show prozoning with unsensitized cells.
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The prozoning activity of the IgG fraction was therefore
unaffected by the presence of bactericidal IgM antibody
on the target cells. It emphasised the efficiency with
which prozoning IgG antibody can convert a potentially
lethal situation to a prozoning situation. This antibody
behaved as a very avid antibody. It may have saturated
antigenic sites about the already bound IgM antibody.
However, the prozoning IgG antibody was more tikely to
displace the bound IgM antibody, due to its greater avidity
and the equilibrium st.ate between antibody and bacterial
surface antigens.
Essentially, this chapter established that complement-
fixing antibody of the IgG class, and of high avidity, is
responsible for the Neisser-Wechsberg phenomenon. It is
proposed that the phenomenon in systems, other than the one
investigated in this study, ie also due to this class of
antibody. The next chapter discusses the varj-ous investi-
gations into the nature and involvement of bacteriaL
antigens in the Phenomenon.
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CHAPTER 4.4 SUMMARY
4.4.I Specific IgG antibody, peaking in rabbit serum late
(28 days) in the vaccination schedule with heat-ki]Ied
S. typhímurium NI2O6 bacteria, is responsible for the Neisser-
Wechsberg phenomenon. Continuous vaccination is required
for the maintenance of high prozoning activity and the
antibody seems to be very avid.
4.4.2 Subpopulations of rabbit IgG exist with differing
affinities for protein A. A1l, isolated from prozoning
antiserum, fix complement and also exhibit prozoning and
bactericidal activities. Hindrance of complement components
by cell-bound IgG antibody seemed to be a likely mechanism
of the NW phenomenon.
4.4.3 Specific antibody of the IgA or IgM class is not
responsible for the NW phenomenon, although the inhibitory
action of IgA antibody on the complement-mediated
bactericidal reaction is acknowledged.
4.4.4 Prozoning IgG antibody efficiently inhibits the
complement-mediated killing of target y1206 cell-s, sensitized
with bactericidal IgM antibody. It is suggested that the
more avid IgG antibody displaces the less avid IgM anti-
body from the bacterial surface.
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CHAPTER 5 INVOLVEMENT OF BACTERIA AND THEIR ANTIGENS
IN THE NEISSER-WECHSBERG PHENOMENON
CHAPTER 5.I Preamble
The two previous Chapters established that the NeisSêr-
Wechsberg phenomenon htas associated with target bacterial
cells, rather than the fluid-phase' and that j-t was mediated
by specific antibody soIely of the IgG class. The investi-
gations, described in the present Chapter, concern the
bacterial antigens that interact with this antibody to
cause the phenomenon.
Normal serum participates in the complement-mediated
bactericidal reaction via the classical pathway and
specific antibody, but another pathway also seems to be
involved (Wardlaw and Pillemer, 1956¡ Götze and MüIIer-
Eberhard, I97I¡ RooL et aL., L972; Reed and Allbright,
L974) . Immune antiserum also participates in the reaction
principally via the classical pathway. Bacterial LPS and,
in particular, the O-somatic antigens of the polysaccharide
component are recognized as the initial combining sites for
specific antibody (Cundiff and Morgan, J-94L; Ad1er, 1953;
Muschel, L960) . This Chapter describes several experiments
that were designed to show whether these bacterial antigens
have a sj-milar role in the NW phenomenon.
Mutant strains of ,5 . tUphimurium ( 0 : I ,4 ,5 ,L2) and
S. mínnesota (0:21,26) , possessing incomplete outer mem-
brane LPS, $rere employed. Hyperimmune antiserum, specific
for S. typhimurium, hras adsorbed with whol-e cells or a
ceI1 waII component. The effect of such adsorptions' on
the prozoning and bactericidal activities of the antiserum,
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r¡ras then measured. The effect on the prozoning activity
of a hyperinmune antiserum was also determined, after
exposing target bacterial cells to EDTA, a chelating agent
that modifies outer membrane LPS structure-
These investigations showed that the O-somatic
antigens were the bacteriat antigens participating in the
NW phenomenon. This knowledge I¡Ias then utilized to isolate
specific antibody from an antiserum with good prozoning
activity. The whole antiserum, or its IgG fraction, was
adsorbed to and eluted from fixed bacterial cells or their
LPS. Normann (L972\ indicated problems associated with
this procedure, although Daguillard and EdsalI (I968) used
it. with apparent success. It was expected that the specific
IgG antibody preparation would possess good prozoning
activity and would give quantitative data on the prozone
phenomenon. In particular, whether a finite number of
specific IgG molecules $/ere required to bind to target
bacterial cells to cause this phenomenon; the number could
then be calculated.
Normann et aL., (I972) reported that the prozoning
titre of an antiserum is insensitive to bacterial numbers.
This important finding has basic implications fot the
mechanism of the NW phenomenon. It seems to refute steric
hindrance as the underlying mechanism. We have repeated
and extended the work of Normant1 et aL. ' to include the
prozoning IgG fraction as well aS the whole antiserum, and
the results are presented in this Chapter-
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CHAPTER 5.2 RESULTS
A. Involvement of bacterial lipopolvsaccharide in the
Ne is ser-lrlechsberg phenomenon
5.2.I The effect of addinq lipopolvsaccharide to a
rozorLL mixture
In this experiment, various levels of LPS from S.
typhimuníum M206 were included with log-phase M206 cells
in a bactericidat assay. Three dilutions of hyperimmune
rabbit antiserum, covering prozoning and bactericidal
situations in the absence of LPS, were tested.
Normal1y, 1:50 and L2250 antiserum dilutions displayed
prozoning whilst the I:5000 dilution displayed killing (see
Table 5.1). However, the addition of 25 Ug resulted in
only the I:50 antiserum dilution showing significant pro-
zoning activity. The L2250 dilution showed complete
killing. The situation changed as more LPS was added: 100 Ug
resulted in both the 1:50 and L2250 antiserum dilutions
showing complete survival of target cells-
The results again'indicated that bacterial LPS has an
important role in the NW phenomenon, ôs well as the bac-
tericidal reaction. 25 Ug of purified LPS was required to
substantially reduce the prozoning activity of the antiserum
)
with 5 x I0' target cells. A competition for the available
antibody, between the added LPS and the target ce]Is, was
the like1y explanation for the diminution J-n prozoning
activity. This may have resulted in: (i) a leve1 of specific
antibody, Iower than that required to cause prozoning,
binding to the target ce1ls t oY (ii) that populatj-on of
specific antibody with prozoning activity preferentially
TABLE 5.I
The effect of adding bacterial LPS
to normally prozoning mixtures
(a) The mean value of bacteria added 10
(b) not tested
Three dilutions of G antiserum, covering prozoning and
killing situations, were tested in a bactericidal assay
2
with undiluted guinea pig complement. 5 x 10' log-
phase I't1206 cells and various leve1s of M206 LPS were
added to the tubes and the assay was begun.
3xper tube = 5.2
14206 LPS
added (ug)

























binding to the free LPS. The first explanation implies
steric hindrance whilst the second implies a more active
role for antibody in the prozone phenomenon.
The complete survival of target bacteriar orl addition
of I0O Ug of LPS, was probably due to all the available
bactericidal antibody binding to the free LPS. There was
insuff.li-cient antibody left to trigger the classical comple-
ment pathway on the target cell-s.
5.2 2 The effect of the chelating agent EDTA on the
Neis ser-hlechsberq phenomenon
(a) The minimum concentration of EDTA required to strip
a significant Ieve1 of LPS from the cell waII of
S. tuphimuz'í'um M206.
Aliquots of a suspension of log-phase M206 cells were
incubated with various concentrations of EDTA. Viable
counts were done at 0 and 15 minutes. The mixtures were
then centrifuged and the level of released LPS (Ug per mI),
present in the supernatantsr was determined by the haem-
agglutination inhibition test (see 2.7.2).
The results (see Table 5.2) showed that N1206 cells could
be incubated in 0.0005 M EDTA,/Tris buffer (at room
temperature, for 15 minutes) with the removal of about half
the LPS from the outer celI membrane, but without sig-
nificant effect on cell viability. This 504 removal of
LPS was the maximum figure obtained.
(b) The prozoninq activity with M206 ce11s, pretreated
with EDTA and subsequently incubated in nutrient
broth
This study sought to establish whether the removal of
TABLE 5.2
The effect of varl"ous concentrations of EDTA
on the LPS of the outer me¡nbrane of
5. tltphimunium N1206
(t)trr" mean value of bacteria in each tube = 1.3 x 1010
100.5 mI of log-phase M206 cells (f x 10 ) , suspended in
Tris buffer * It BSA (pH 7.2) , \^tas added to 0.5 mI of
0.0005 lvl t.o 0.008 l'1 solutions of EDTA in the same buffer.
The mixtures were incubated at room temperature for 15
minutes, with víable counts being performed on dilutions
in N-saline, at 0 and 15 minutes. The mixtures were then
centrifuged at 10,000 g for l0 minutes at 2Oo. The LPS
Ievel 1Ug/mI) in the supernatants was measured by the
haemaggtutination inhibition testr âs described in 2.7.2.



























part of the bacterial outer membrane LPS by EDTA would have
a significant effect on the prozoning activity of anti-
serum, tested with the treated bacteria.
Log-phase M206 cells v/ere preincubated with 0.0005 I{
EDTA/Tris buffer and Tris buffer alone. Viab1e counts
were determined at 0 and 15 minutes. On dilution of the
bacteria in nutrient broth (maintained at 37o') , bactericidal
assays were performed with a range of dilu/tons of hyper-f-
immune antiserum. The broth containing EDTA-treated T't\206
cells was maintained at 37o for 90 minutes and then the
bactericidal assay r^ras repeated.
The concentration of EDTA used was sufficient to strip
LPS from the bacteria, without reducing their viability
(see Table 5.2). The dilution of these cell-s into broth
ensured that the stripping of LPS was halted and that
complement activity in the bactericidal assays was not
impaired by EDTA.
Viable counts, before and after the preincubations in
EDTAr/Tris buffer and Tris buffer alone revealed over 1008
survival of M206 cells (103% and 136U ' respectively). OnIy
the 1:800 antiserum dilution showed any prozoning activity
in the three subsequent bactericidal assays (see Table 5.3).
However, the survival of bacteria that had simply been
diluted in nutrient broth was minimal (LzZ and 63). The
survival of bacteria, diluted and then incubated for 90
minutes, was complete (2103).
This difference was presumably due to the iniÈial loss
of outer membrane LPS during the preincubations with EDTA
and the subsequent restoration of normal LPS structure
during the incubation in nutrient broth. Thus, M206 cells
TABLE 5.3
Prozoning act.ivity of an antiserum with
S. tuphimuníum M206 cells, pretreated












































lOo log-phase M206 cells were suspended in I0.0 ml of 1å
BSA/Tris buffer, pH '7.2, and 0.0005 N{ EDTA/BSA/Trís buffer.
Both suspensions vrtere incubated at room temperature' with
viable counts taken at 0 and 15 minutes. 1.0 mI of both
was then diluted (1:200) in nutrient broth, warmed to 37o.
Standard bactericidal assays were immed,iately performed with
bacteria from both broths. Various dilutions of P-5 anti-
serum were tested with I.2 cH50 units of HuC-14 in these
assays.
The EDTA-treated cells in broth v/ere
90 minutes. A standard bactericidal
with the bacteria (diluted LzA in Mg
oincubated at 37 for
assay was then performed
2+ safrne) .
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with a normal LPS showed higher prozoning activity than
those with an incomplete LPS.
The difference in prozoning activity appeared to be
two-fold. Although not large, it clearly indicated that
the removal of LPS significantly reduced the prozoning
activity of the antiserum, ie., a higher leve1 of specific
antibody was required to effect the prozone phenomenon.
5.2.3 The ef fect on the pro zonins activity of anti-14206
antiserum of adsorbinq with acetone-dried cells and
cell wall protein of several Salmonella strains
The abrogation of the prozone phenomenon, by the
addition of bacterial LPS to a bactericidal assay mixture
(see 5.2.L) | indicated that outer membrane LPS is involved
in the phenomenon and that prozoning antibody is specific
for the LPS. The following experiments sought to pinpoint
the antigens within the LPS and to establish the involve-
ment of other celI waII structures.
(a) Adsorp tion with acetone-dried cells
An aliquot of prozoning anti-M206 antiserum was first
incubated with acetone-dried ce1Is of ^9 . typhimurium N1206'.
After intensive centrifugation, the supernatant was diluted
and tested, together with the unadsorbed antiserum, in a
standard bactericidal assay with M206 ceIIs.
Table 5.4 shows that the adsorbed antiserum had a
prozonJ-ng titre of <l:200, whereas the unadsorbed antiserum
had a titre of l:600. The absorption step significantly
reduced the prozoning activity.
The adsorption procedure with prozoning anti-M206
antiserum was repeated, using acetone-dried cells of
TABLE 5.4
Prozoninq activity of an anti-N1206 antiserum
adsorbed with acetone-dried cells of
,S. tuphimuv.íum N1206
(a) The mean value of bacteria added per tube = 6.7 x 10 3
An atiquot of G-antiserum \Aras incubated with acetone-dried
M206 cells (IO mg per ml) at 4o for 60 minutes. The
mixture was then centrifuged in the cold at 101000 g for
10 minutes. The supernatant was diluted and tested
together with the unadsorbed antiserum in a standard
bactericidat assay. A L22.6 dilution of guinea píg serum
a
$ras the complement source; 5 x IO' log-phase S. typhimuriun
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s. minnesota R595. Table 5.5 shows that, in this case,
the adsorbed antiserum had a prozoning titre of 1:2000
whereas the unadsorbed antíserum had a titre of 1:1000.
The adsorption step did not reduce the prozoning activity;
if anything, it appeared to increase the activity-
The adsorption step with R595 ce1ls presumably removed
antibody specific for the co-mmon structures (cytoplasmic
membrane, celt r^rall glycopeptide, and the lipid and KDO of
the outer membrane LPS). Because there was no reduction
in prozoning activity, the antibody responsible was not
specific for these conimon structures. The rise in activity
was an unexpected resul-t. It presumably related to the
removal of bactericidal antibody specific for the common
structures or t,he consumption of complement by bacterial
antigen-antibody complexes, remaining after the adsorption
step.
The bactericidal activity of the adsorbed antiserum
\^¡as also determined in a bactericidal assay with R595 ce1ls.
Final dilutions of I:10 and l:I00 were unable to kiII the
target cells and so the absorption step removed all bac-
tericidal antibody specific for the R595 strain. However,
a final 1:10,OOO dilution of anti-R595 antiserum efficiently
killed the R595 cells (08 survival) in this assayr so
proving that sufficient complement was present to kilt the
target cells.
The adsorption procedure with anti-Ivl206 antiserum was
again repeated, using acetone-dried cells of 5. typhimurium
TVlt9. Tab1e 5.6 also shows that the prozoning titre of
the antiserum (1:250) was unchanged by this procedure.
Both adsorbed and unadsorbed antisera were al-so tested in
TABLE 5.5
Prozoning activity of an anti-l'4206 antiserum




The mean value 3
Final 1:I0 and
showed I20Z and
with 7.L x I03
of bacteria added per tube = 6.1 x t0
1:100 dilutions of adsorbed antiserum
9BB survival in a bactericidal assay
S. minnesota R595 bacteria.
An aliquot of G-antiserum was incubated with acetone-dried
R595 cells (10 mg per mI) at 40 for 60 minutes. The
mixture was then centrifuged in the cold at 10,000 I for
10 minutes. The supernatant was diluted and tested to-
gether with the unadsorbed antiserum in a standard
bactericidal assay. A I22.6 dilution of guinea pig serum
was used as the complement source; 5 x 103 log-ph.s"
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Prozoning activity of an anti-N1206 antiserum





I survival of M206 bacteria (a)



























3The mean value of bacteria added per tube
not tested
4.6 x 10
An aliquot of G-antiserum was incubated with acetone-dried
TVI19 cells (15 mg per mI) at 4o for 60 minutes. The
mixture was then centrifuged in the cold at IO,OO0 g for
10 minutes. The supernatant was diluted and tested together
with the unadsorbed antiserum in a standard bactericidal
assay. Undiluted guinea pig serum was used as the comple-
ment source; 5 x 103 log-pnase M206 cells were added to
each tube.
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a HA assay (see 2.7.I) with sRBCs, sensitized with c5 LPS
and R595 cell wall protein (CWP). The unadsorbed antiserum
showed titres of L22048 and t:4096 with C5 LPS-SRBCs and
R595 CWP-SRBCs, respectively. The corresponding titres
for the adsorbed antiserum were 1:4096 and Lz2.
The HA assay indicated that, adsorption of the anti'
serum with this strain, removed antibody specific for outer
membrane cwP. Antibody, specific for other cell waII
antigens and common to both M206 and TVI19 strains, was
presumably removed. Antibody, specific for the O-somatic
polysaccharide of the M206 strain, was presumably not
removed. The simíIar haemagglutination titres with C5 LPS-
SRBCs (before and after adsorption) was proof of this, âs
O-somatic potysaccharide antigens are the major antigens
of the LPS.
This particutar experiment provided evidence that the
o-somatic antigens of the M206 strain \^rere those inter-
acting with the anti-M206 antiserum in the prozone
phenomenon. Prozoning antibody appeared to be specific
for these antigens. Adsorption of an antiserum with M206
cells had previously reduced its prozoning activity;
adsorption with TVI19 cells had no such effect. The TV119
strain lacks only the O-somatic antigens of the M206 strain,
and so adsorption with TV119 cells did not remove antibody
specific for these.
(b) Adsorption with cell wall protein
An aliquot of prozoning anti-M206 antiserum was in-
cubated with S. minnesota R595 CWP. After centrifugation,
the resulting supernatant and the original antiserum were
tested in HA and passive haemolysis tests (see 2.7.L and
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2.6.L), with SRBCs that htere sensitized with C5 LPS or
R595 CWP.
Table 5.7 shows that both HA and haemolytic antibody,
specific for C5 LPS, \^¡ere unaffected by the adsorption step.
This was expected because the adsorbing R595 CWP preparation
was supposedly free of LPS, especially that of
s. typhimurium. The results indicated that haemagglu-
tinating antibody, specific for R595 cwP, was completely
removed by the adsorption step. Haemolytic antibody'
already present at a low levet prior to adsorption, was
signif icantly removed.
These preliminary tests showed that the adsorption
step was successful in removing antibody, specific for the
outer cell wall protein common to alt Salmonellae, from
the anti-M2o6 antiserum. The adsorption step did not
remove antibody specific for the LPS of the M206 strain.
A standard bactericidal assay was performed with M206
celts to assess the prozoning activity of both the adsorbed
and unadsorbed antiserum. Table 5. B shows that the titres
were identical (1:250). This meant that the removal of
antibody, specific for CV']P, díd noÈ affect the prozoning
activity. Thus, the CWP was sfràwn to be unimportant as an
antigen in the prozone phenomenon-
5.2.4 A study of the Neisser-Wechsberq phenomenon with
smooth and rouqh variants of a mutant SaLmoneLLa
himurium strain
S. typhimuz'ium G30 cannot synthesise galactose from
glucose, nor can it metabolize galactose. Thus, when grohtn
in the absence of this sugar, the outer membrane LPS lacks
TABLE 5.7
Specific antibody activity of anti-M206
antiserum adsorbed with ceII wall
protein of 5,;' mí,nnesota R595
2 .0 ml of G-antiserum was incubated with the outer ChlP
of the R595 strain (20 mg) at 4o for 60 minutes. The
mixture was then centrifuged in the cold at 20,000 g
for 30 minutes. The supernatant was diluted and t'ested
together with the unadsorbed antiserum in haemagglutination
(see 2.7.L') and passive haemolysis tests (see 2.6.L) .




Haemagglutination titre Passive haerrolytic titre
C5 LPS-SRBC R595 CVTP-SRBC C5 LPS.SRBC R595 CV{P-SRBC
unadsorbed ]-z2O48 1:8192 l.¡L024 I:64
adsorbed L22048 <Lz2 L¿2048 I:16
TABLE 5.8
Prozoninq activity of an anti-M206 antiserum
adsorbed with ceII waII protein of
^9. minnesota R595
(a) The mean value of bacteria ¿idded per tube 7,2 x 10
A standard bactericidal assay was performed on various
ditutions of G-antiserum, both unadsorbed. and adsorbed
with CV'IP of the R595 strain (see table 5.7). Undiluted
guinea pig serum htas used as the complement sourcei
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the o-somatic polysaccharides and the terminal sugars
(N-acetyl glucosamine, glucose and galactose) of the core
polysaccharíde. When grown in the presence of galactose,
this strain contains aII these sugars in its LPS and is
therefore smooth.
(a) Prozoninq and bactericidal activities of an
anti-M206 antiserum
A prozoning anti-M206 antiserum was tested for pro-
zoning and bactericidal activities, in bactericidal assays
with both variants of the G30 strain as the target cells.
The smooth variant was repeatedly shown to be resistant to
the l¡actericidal action of complement, when Vtg2* saline was
used as the dituent. However, this variant was shown to be
susceptible j-n Tris buffer as diluent, in agreement with
Reynolds and Row1ey (1969). Tris buffer was therefore used
as diluent in the assays.
Results obtained with the two variants were vastly
different (see Table 5.9) . lrlith the rough variant, the
antiserum showed no prozoning activity (titre <I:50) but a
high bactericidar titre (t:to6). with the smooth variant,
the antiserum showed a high prozoning titre (1:1000) and
a low bactericidat titre (I:104¡. The control tube, lacking
antiserum, showed greater killing with the rough variant.
This was in agreement with the general finding that rough
strains of Gram-negative bacteria are more susceptible to
the bactericidal action of complement.
The undetectable prozoning activity with the rough
variant indicated that the prozoning antibody in the anti-
M2O6 antiserum v/as specific for the polysaccharides,
TABLE 5.9
Prozoning and bactericídal activities of an
anti-M206 antiserum with two variants of
,9. typhimur'íum G30
4 4
TL¡e mean value of bactenia added per tube was (a) 1.5 x I0 and (b) 1.6 x I0
c30 cells were grown in brain heart infusion broth with and
without 0.58 galactose. Theprozoning and bactericidal activities
of A-7 antiserum were determined by testing tenfold <lilutions
in bactericidat assays, with 104 log-phase cells of both types.
2.0 CH50 units of HuC-17 were added and the diluent was 0.1 lvt




t sr:n¡ivat of G30 bacteria gro,rm i-:r:





1:1r 000 r 000

















missing from this variant but present in the smooth
variant,. These were the O-somatic polysaccharides. The
higher bactericidal titre, shown wíth the rough variant,
was consistent with the greater susceptibitity of the
variant, ví2., a lower concentration of bactericidal anti-
body was required for killing.'
(b) Exposure of the rough varíant of S. tuphimurium
G30 to galactose and the effect on the prozoning
activity of an anti-M2O6 antiserum
G30 cells were first grown up in the absence of galac-
tose. A galactose fermentation test (see 2.I-4\, performed
on this initial culture, was negative. Log-phase celIs
\^¡ere centrifuged down and suspended (S x 108 per m1) in
broth containing 0.5% galactose and broth lacking galactose.
Both $¡ere then incubated at 37o. Aliquots, taken at 0, 15
and 60 minutes, were diluted to provide the target cells
in normal bactericidal assays with various dilutions of
prozoning anti-M206 antiserum
Galactose fermentation, acriflavine agglutination and
4-0 agglutinat,ion tests (see 2.L'4) vtere performed on both
broth cultures after the 60 minute incubation. The
fermentation tests were again negative, confirming the
ina-bility of this strain to metabolize galactose. The cells
from the broth culture lacking galactose showed a positive
acriflavine test and a negative 4-0 agglutination test.
This was consistent with a rough strain of ,5 . typhimunium,
lack5-ng at least the 4-0 (somatic) antigen. It presumably
lacked the remaining ones also (1, 5 and L2) - The cells
from the broth culture containing galactose showed the
opposite results. This was consistent with a smooth strain,
160.
containing the 4-0 antigenr âs well as the other somatic
antigens.
These agglutination tests showed that, during the 60
minute incubation of the broth culture containing galac-
tose, the G30 cells assembled the missing O-somatic
antigens on the outer membrane LPS. They changed from
the rough to the smooth variant.
Results of the bactericidal assays (see Tab1e 5-10)
were very clear and significant. There was no prozoning
activity evident, when G30 ce1ls were immediately suspended
(O minutes) in warm broth with or without added galactose.
The titre was <l:50. However, after the cells had been
incubated for only 15 minutes in the presence of galactose,
significant prozoning activity (titre 1:500) was demon-
strated. This activity did not appear to change, when the
cells $/ere incubated for a further 45 minutes in the
presence of galactose. By this time., the O-somatic antigens
were completely assembled on the outer membrane of the
target cell-s, according to the results of the agglutination
tests. These antigens were probably assembled after only
15 minutes of incubation, as the prozoning activity did not
significantly change after this time.
Note that target cells, incubated in broth containing
galactose for 15 and 60 minutes, survived in the control
tube tacking antiserum. This was consistent with the trans'
formation to the smooth variantr âS smooth strains are more
resistant to the bactericidal action of complement than
rough strains (Dlabac, 196B; Muschel, L965¡ Rowley' 1968)-
The G30 cells, that hrere incubated in the absence of
galactose for 60 minutes, did not show any prozoning
TABLE 5.10
The effect on the prozonins activitv of
anti-M206 antiserum when log-phase S. tu phímurium G30
cells are exposed to qal-actose
_?
Mean value of bacteria added per tr:be (X10 ")
7.0 5.3 5.6 5.7 4.6
o
2 x lO' Iog-phase G30 cells' gro\á¡n in BHIB' were suspended
in 2.0 mI of BHIB and BHIB + 0.58 galactose. The
suspensions were then incubated at 37o. They provided the
target cells in standard bactericidal assays: at 0 minutes
both were diluted 1:I0,000 in N-saline; at 15 minutes only
the suspension in BHIB + galactose was so diluted; at 60
minutes both u/ere diluted 1:40,000. Tenfold dilutions of
A-7 antiserum lvere tested in the bactericidal assays with
2.O CH50 units of HuC-I7. Galactose fermentation tests hlere
performed on the original and two subsequent cultures at 60
minutes. Acriflavine and 4-0 antiserum agglutination tests
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activity wiÈh the anti-M206 antiserum.
The overall results clearly indicated that the anti-
body, responsible for the prozone phenomenon in the
antiserum, was specific for the O-somatic antigens (1, 4,
5 and l-2). This prozoning antibody was also required to
bind to the cell-bound antigens to cause the prozone pheno-
menon"
B. The attempted isolation of specific antibody with
rozonl,n activit
5.2.5 Elution from whole bacterial cells and insolubilized
outer membrane LPS
With the knowledge that prozoning activity was of the
IgG class and was specific for the outer membrane LPS (the
O-somatic antigens, in particular), the isolation of specific
antibody with prozoning activity was attempted. Three
isolation methods (see 2.L0) were tried on ej-ther anti-
M206 antiserum, with good prozoning activityr or the IgG
fraction, from protein A-sepharose chromatography (see
2.e.L(b)).
Specific antibody was efficiently adsorbed to the
three types of particulate antigen source because on centri-
fugation, supernatants displayed markedly decreased Èitres
in various assays. However, the bound antibody was eluted
from the adsorbants only with great difficulty. Buffer of
pH 3.0 was able to retrieve only a small fraction of the
prozoning and bactericidal activities of the starting
material (serum or its IgG fraction). These ,results implied
that the antigen-antibody bond was very firm and therefore
that the specific antibody with prozoning activity was very
avid.
L62.
Infl-uence of bacterial numbers on the prozone
phenomenon
5 .2 .6 (a) Whole antiserum
The effect of varying bacterial numbers on the pro-
zoning activity of an antiserum was first determined.
Doubling ditutions of an antiserum were tested with
S x 103 and 5 x 105 cells of ,9. typhimuz'ium M206, in
separate bactericidal assays.
Table 5.1I shows that the prozoning titre of the
antiserum \^ras I:800 with both numbers of target cells-
3 survival figures were very similar throughout the dilution
series. The difference in ceII numbers was actually 7O-fo1d
and yet the prozoning activity was unaffected.
Control tubes, lacking antiserum, showed incomplete
killing with both numbers of target celIs. This indicated
that the complement source had retained some bactericidal
antibody after absorption with live M206 cells (see 2.4.L).
(b) The IqG fraction of antiserum
A similar experiment to that in (a) was performed with
doubling dilutions of the IgG fraction of a prozoning anti-
Serum. The fractionation procedure and subsequent antibody
tests is thoroughly described in 4.2.2. The prozoning
titre of the IgG fraction was previously calculated to be
L220.
Table 5.L2 shows that the prozoning titre of the IgG
fraction was 1:40, whether 5 x I03 ot 2 x I05 M2O6 cells
were incorporated into the bactericidal assay. The differ-
ence in cell numbers was therefore 35-fold and yet the
? survival values were very similar throughout the dilution
TABLE 5.II
The effect of varyinq bacterial numbers on
the prozoninq activity of whole antiserum
Doubling dilutions of the heat-treated P-5 antiserum
vrere tested in two bactericidal assays. 2.0 CH50 units
of HuC-II, and either 5 x IO3 or 5 x I05 log-phase M206
cells were added to tubes.
FinaI
antiserum dilution
? survival of bacteria added:

















The effect of varying bacterial numbers on
the prozoni ns activity of the I fraction
of anti-[,1206 antiserum
Doubling dilutions of the IgG fraction of 5-6 antiserum
$¡ere tested in two bactericidal assays. (The IgG fraction
resulted from chromatography of the antiserum on a
protein A-Sepharose column) . L.2 CH50 units of HuC-13 '
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series. On first testing (see 4.2.2), this IgG fraction
showed partial survival (168) of target cells at I:40.
Correlation of the prozoning activity on the two occasions
vras therefore even closer than the titres suggested-
The prozoning activity of the IgG fraction was un-
affect.ed by increasing bacterial numbers. The results
paralleled those obtained with whole antiserum.
CHAPTER 5.3 Discussion
The major antigens, that function in the complement-
mediated bactericidat reaction-with Gram-negative bacteria,
are the O-somatic polysaccharj-des of the outer membrane
LPS (Cundiff and Morgan, I941; Adler, 1953; Muschel, 1960).
They are believed to constitute the initial antibody
binding sites where the classical pathway of complement
is activated.
The outer membrane LPS has been assigned a similar
role in the NW phenomenon. Thus, Norman et aL. ' (L972)
incubated an antiserum, specif ic for ,5. typhinuz'ium
395 MRO, with the purified LPS of this bacterium and found
that the prozoning activity was significantly reduced
(100-fold) by this adsorption. The 395 MRO strain, used
in this study, is an Ra mutant ie., the outer membrane
lacks O-somatic polysaccharides. For this reason, it was
perhaps an unfortunate choice. Lipid A or core poly-
saccharide components of the LPS were presumably acting
as antigens in both bactericidal and prozoning situations.
The present study concentrated on a smooth but serum-
sensitive strain of ,5. typhimunium ie., M206, that contains
all the components of outer membrane LPS (Jensen, L929¡
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Archer and Rowley, 1969). Experimental evidence again
suggested that LPS contained the antigens operating in
the prozone phenomenon, and these antigens r^¡ere identified
as the O-somatic polysaccharides by the use of rough
mutant strains.
The addition of pure v1206 LPS (25 yg per ml) to
bactericidal assay mixtures significantly reduced the
prozoning activity of a hyperimmune rabbit antiserum (see
table 5.1) . The ad,dition of more LPS (100 ¡rg per ml)
eventually abrogated the bactericj-dal activity as well.
These results implicated the outer membrane LPS in both
phenomena. There was competition for the available anti-
body between the fluid-phase LPS and the cell-bound LPS
in the assay mixtures.
Anti-M206 antiserum showed lower prozoning activity
with M206 cells when they had been preincubated in
0.0005 M EDTA/tris buffer (see table 5.3). The chelating
agent EDTA solubilizes (Gray and Wilkinson, L965) , and
therefore removes a significant amount of outer membrane
LPS from Gram-negative bacteria (Lieve et aL., 1968) . The
latter are then more susceptible to the bactericidal action
of complement (Muschel and Gustafson, 1-968¡ Reynolds and
Pruul, L97ta) . LPS was again implicated in the prozone
phenomenon: N1206 cells, whose LPS was partially removed
by EDTA, required larger amounts of specific antibody to
display the prozone phenomenon.
The prozoning activity was reduced by the ÞDTA treat-
ment, but not severely reduced or completely abrogated.
The relatively short treatment removed approximately 508
of the outer membrane LPS (Reynolds and Pruul, L971b) .
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There was little competition between the released
(soluble) LPS and ce1l-bound LPS for available antibody,
as t.he released LPS was diluted by a factor of 2000 prior
to the bact,ericidal assay. The observed reduction in the
prozoning activity must therefore be explained by the dis-
organization caused to the outer membrane of the target
celIs.
The involvement of outer membrane protein in the NW
phenomenon $/as proven to be insignificant. Adsorption of
an anti-M206 antiserum with this protein, purified from
,S. rúinnesota R595 (Schnaitman' I974) , had no effect on
the prozoning activity of that antiserum (see table 5.8).
Haemagglutination assays showed that anti-CWP antibody
had been efficientty removed but that antibody, specific
for LPS components, had not (see table 5.7).
The involvement of O-somatic antigens in the NW
phenomenon, in the system studied' was proven in several
ways. The adsorption of anti-M206 antiserum with aceLone-
dried cells of ^9. minnesota R595 (see table 5.5) or
S. typhimurium Tvttg (see table 5.6) failed to red,uce its
prozoning activity. R595, an Re mutant strain, contains
only lipid A, KDO and ethanolamine in the outer membrane
LPS (Luderitz et aL., 1966) . They \4tere obviously not the
antigens, operating in the prozone phenomenon. Neither
$rere the antigens present in the inner cell membrane,
glycopeptide layer or the glycolipid component of the outer
membrane. TVlIgr ârt Ra mutant strain, only lacks the O-
somatic polysaccharide, present in smooth strains of
S. typhimunium (Nikaido et aL., 1964) . Thus, the antigens
operating in the phenomenon, in the system studied' vtere
r6 6.
not even part of the core polysaccharide of the outer
membrane LPS.
Normann et aL., (Ig72) used an Ra strain, instead
of a smooth strain of ^9. typhimurium, to study the NV'I
phenomenon. Prozoning antibody was presumably specific
for lipid A or the core polysaccharide of the LPS. To-
gether with the data presented in this Chapter, it indicates
that antibody, with prozoning activity, is specific for the
O-somatic or other antigens of the LPS depending on the
nature of the immunogen. If O-somatic antigens are present,
the antibody will be specific for these.
S. typhimuníum G30 is an Rc mutant strain, lacking
UDPG-epimerase (Osborn et aL., 1964) . It cannot synthesise
galactose from glucose, nor can it ferment galactose. When
grown in the absence of galactose, the outer membrane LPS
lacks both O-somatic polysaccharides and the terminal
sugars (N-acetyl glucosamine, glucose and galactose) of
the core polysaccharide.
Hyperimmune anti-M206 antiserum showed no prozoning
activity but high bactericidal activity with this rough
variant (see table 5.9). When cells of the rough variant
were exposed to galactose in the culture medium, the anti-
serum then showed high prozoning activity but a lower
bactericidal activity (see table 5.f0). This change
occurred in a short space of time (15 minutes) . The G30
cells underwent a change from the rough to the smooth
variant, ôs acriflavine and 4-0 agglutination tests showed.
The missing terminal sugars of the core polysaccharide and
sugars of the O-somatic polysaccharides $rere assembled on
the incomplete outer membrane LPS. The assembled sugars
167 .
the O-somatic polysaccharides, in particular obviously
functioned as the antigens in the prozone phenomenon in
this system, with the smooth D{206 strain as immunogen.
Three methods of isolating specific antibody with
prozoning activity, from anti-M206 antiserum or its IgG
fraction, were attempted. They all involved ad.sorption
to insoluble matrices, containing outer membrane, at
neutral pH and subsequent elution at low pHs. Aldehyde-
fixed C5 cells, aldehyde-fixed C5 LPS (Eskenazy et aL.,
1975) and SRBC stromata, sensitized with C5 LPS, $/ere
tried as matrices. Antibody assays revealed that specific
antibody bound to each matrix very efficiently but was not
eluted very efficiently. A maximum 108 of the original
prozoning activity was retrieved by elution at pH 3. It
was hoped. that a preparation of specific IgG antibody could
have afforded quantitative data regarding the binding of
IgG molecules to target cel1s, in the prozone situation.
These findings agreed with the opinion of Normann ¿t
aL., (L972). They did not publish experimental data but
stated that the LPS-prozoning antibody complex is not
significantly dissociated at pH 2.5. Daguillard and
Edsall (1968) adsorbed specific antibody to acetone-dried
Salmonella cells and then eluted it at pH 3.5. They sub-
sgquently detected both prozoning and bactericidal activities
in IgM and IgG antibody fractions. These results were not
considered valid due to flaws in experimental technique
eg., the prolonged incubation at pH 3.5 to elute specific
antibody probably destroyed complement-fixing activity
(Stollar et aL., L976) and removed bacterial components.
The observed stability of the O-somatic antigen-
I6B.
prozoning antibody bond indicat.ed that thj-s antibody was
of high avidit.y. This is consistent with recognized facts
regarding the immune response. The avidity of all classes
of immunoglobulin increases with time, after primary and
secondary immunizations with Gram-negative bacteria
(Gupta and Reed, L97I¡ Schulkind et aL., L972; Holmgren
and Svennerholm, 1972; Ahlstedt et aL., 1973). Because
of the high affinity of prozoning antibody, the frequency
of dissociation from target cells in a bactericidal assay
would be Iow. This is an important aspect to consider,
when formulating a theory to explain the NW phenomenon.
Normann et aL., (1972) made the surprising observation
that the prozone phenomenon was independent of bacterial
ce11 concentration. The present work confirmed this:
bacterial concentration was varied 70-fold, with no effect
on the prozoning- activity of anti-M206 antiserum (see
table 5.11) . Chapter 4 established that specific antibody
of the IgG class constituted the antibody with prozoning
activity. In the present ehapter (see Table 5.I2),
bacterial concentration was varied 35-fold, with no effect
on the prozoning activity of such an IgG fraction.
This independence of bacterial ceII concentration
needs to be seriously considered in the formulation of a
theory for the NW phenomenon. It seemed to contradict the
hypothesis of cell saturation, and steric hindrance of
complement components, by specific antibody. However,
approximately 25 Ug of pure M206 LPS the amount present
on tO10 whole M2O6 cells - Iô¡as able to abrogate this pro-
zone phenomenon (see table 5.I). An important factor is
that less complement, as well as less antibody' was
I69.
available per target cellr âs the concentration of these
cells was increased. Perhaps, the NW phenomenon is
dependent on the number of specific antibody molecules'
bound per bacterial cell, (instead of the concentration
of these molecules in the assay mixture) as weII as the
complement available per cell. V'fith a larger number of
target ce1ls but the same complement concentration, the
probability of all components assembling at any one lethal
site was reduced. A particular dilution of antiserum or
the IgG fraction, that previously saturated such sites,
did not do so with the target number of cells. However,
less complement was available per target ceII. Normann
et aL., (L972) preferred to abandon the hypothesis of
ceIl saturation altogether and instead proposed that
complement is deviated in the NW phenomenon.
A theory for the mecnanism of the NW phenomenon can be
proposed only after a comprehensive study of all the major
parameters of the serum bactericidal reaction. The work
So far has focused on the involvement of bacterial cells




5.4. 1. The outer membrane LPS of ,S. typhímuz,ium was shown
to contain the antigens, operating in the NW phenomenon
with hyperimmune anti-M206 antiserum. They virere further
identified as the O-somatic pollrsaccharides. The phenomenon
arso seemed to be potentiated when smooth target celIs,
possessing a maximum level of such antigens in the LpS,
\tlere USed.
5.4.2. The isolation of specific antibody with prozoning
activity, from anti-M2O6 antiserum or its IgG fraction,
hras unsuccessful. several methods, all adopting adsorption
to and subsequent erution from fixed bacteriar cerrs or
the LPS, \^rere tried. specific antibody bound so firmly
that very severe physical conditions vrere required to
erute it. Prozoning antibody was therefore considered
to be very avid
5.4. 3. The prozoning
the IgG fraction,
of target cells in
consequences, when
phenomenon.
activity of anti-M206 antiserum, and of
appears to be independent of the number
a bactericidal assay. This has important
formulating a theory to explain the NW
r7t.
CHAPTER 6 THE ROLE OF COMPLEMENT TN THE NEISSER
VÙECHSBERG PHENOMENON
CHAPTER 6.1 Preamble
Work, previously discussed in Chapter 3, established that
there was no appreciable consumption of haemolytic or bacteri-
cidal complement in the fluid-phase of a prozoning mixture.
Thus, anticomplementary serum factors and soluble bacterial
antigens $/ere unimportant in this regard. It was necessary to
establish whether any such consumption occurred on the sen-
sitized target cells i.e., in the cellular phase. Muschel et
aL., (1969) reported considerable haemolytic complement con-
sumption in the prozoning situation, but they attributed the
consumption to anti-complementary factors, present in the
prozoning antiserum. Thomas and Dingle (1943) reported no
haemolytic complement consumption, in another example of the
NW phenomenon, while other workers (HaIl et aL., L97I¡
Griffiss, I975) have inferred no complement consumption, by
implicating non-complement-fixing IgA antibod.y in this
phenomenon. Specific IgG antibody has already been shown to
be responsible for the NW phenomenon j-n the present study
(see 4.2.2) and so the extent of activation and consumption
of complement by sensitized target bacteria was the first
i-mportant issue to be resolved.
From the first description (Neisser and Wechsberg,
1901) onwards (Thomas et aL., L943; Thomas and Ding1e, 1943¡
Joos and HalI, L96B¡ Muschel et aL., 1969), workers have
recognized that the NW Phenomenon can be abrogated by in-
creasing the concentration of complement in bactericidal
assay mixtures. It was important to confirm this finding
in the present study and to extend it to show whether
(i) there was a direct inverse relationship between the
L7 2.
prozoning titre of an antiserum and the complement con-
centration, and (ii) a similar relationship could be
demonstrated for the IgG fraction of such an antiserum.
Complement consumption, and therefore activation, $tas
shown to occur on sensitized target cells in the prozoning
situation. A modification or a deviation of the cytolytic
pathway of complement coul-d t,herefore be assumed to occur
in this situation. It was then important to establish at
which step ín this pathway, the deviation was occurring.
According to Muschel and co-workers (1969) ' the addition
of C-EDTA abrogates the prozone phenomenon in the immune
haemolytic system. They suggested that the deviation in
the haemolytic system occurs after the activation of Ct and
C2 of the classical pathway. They also demonstrated immune
adherence with prozoning SRBCs and proposed that C3 is
activated on such ce11s. These workers assumed that these
conclusions were also relevant to the prozone phenomenon
in the serum bactericidal reaction. The present work makes
no such assumption. Biological consequences of complement
activation, such as immune adherence (Ne1son, 1963) and
deviated lysis (Rother et aL., 1974') , were studied in the
bactericidal system to prove the activation of specific
complement components in the prozone situation. R reagents,
complement sources deficient in specific components, were
also used in bactericidal assays to achieve this goal.
CHAPTER 6.2 Results
A. Influence of complement concentration on the prozoning
activity
6.2.1(a) Whole antiserum
A hyperimmune (rabbit) anti-!I206 antiserum v¡as tested
r73.
for prozoning activity in standard bactericidal assays'
with doublíng concentrations of a (human) complement source.
Table 6.I shows the results. Pxozoning titres with
1.0, 2.0, 4.0 and 8.0 C"SO units of complement were 1:400,
L2200, 1:50 and <1:50, respectively. A closer inspection
of the t survival values revealed that the 1:100 dilution
showed significant prozoning activity with 4.0 CHSO units
of complement. Therefore, not only did the prozoning
activity of the antiserum fall with increasing complement
concentration, but it appeared to be inversely proportional
to complement concentration.
The control tubes, lacking antiserum, showed complete
survival with I.0 CHSO unit ranging through to complete
killing with 8.0 CHSO units. This pattern reflected the
level of bactericidal antibody present in the complement
source. There was sufficient antibody, in the complement
source providing 4.0 and 8.0 CHSO units, to cause efficient
kiIling.
(b) An IgG fraction of antiserum
A similar experiment was then performed on doubling
dilutions of an IgG fraction (concentrated pH 6 eluant) of
the same antiserum. The fractionation procedure and
subsequent antibody tests are thoroughly described in
4.2.3. The pH 6 eluant was shown to contain IgG as the
only serum protein and to have a prozoning titre of 1:10
(see table 4.4). It therefore contained a significant
fraction of the prozoning activity of the antiserum
(approximately I/5) .
The pH 6 eluant was concentrated by a factor of 5
before being used in this experiment. The results are shown
TABLE 6. I
The effect of varying complement concentration
on the prozoning activity of anti-M2O6 antiserum
Final
antiserum dilution
8 survival of M206 bacteria (a)
cH50 units of complement added:



























141 6B 7 0
(t)rfr. mean value of bacteria added per tube = 5.5 x 103-
Doubling dilutions of C-8 antiserum were tested in four
a
bactericidal assays with 5 x 10' Iog-phase M206 celts-
1.0, 2.0, 4.0 and 8.0 CH50 units of HuC-15 were added to
the mixtures.
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in table 6.2- With 1.2 CH5O units, the concentrated
eluant showed a prozoning titre of Iz20 while, with 4.8
CHSO units, it showed a titre of <l-:10. The prozoning
activity was thus reduced fourfold or more, by increasing
the complement concentration fourfold. This was consistent
with results obtained with the whole antiserum. The
experiment also supported the idea that specific IgG
antibody was responsible for the prozone phenomenon.
Part of the prozoning activity of the pH 6 eluant
seemed to be lost through the concentration procedure, as
the titre was expected to be I:40 with L.2 CHSO units. The
control tubes, lacking antiserum, again showed complete
survival with the lower complement concentration and
complete kíIling with the higher one. This reflected the
level of bactericidal antibody in the complement source.
B. Haemolytic complement consumption in the prozone
phenomenon
6.2.2(a) 2 x I08 target cells
. In this vital experiment, doubling dilutions of a pro-
zoning anti-M206 antiserum $/ere first tested in a bac-
tericidal assay with log-phase cells of 5. tUphimuy,ium
M2O6 (2 x 108 in a reaction volume of 3.0 m1). The haemo-
lytic complement, remaining in the mixtures, was then
determined by centrifuging off the bacteria and then
performing a haemolytic titration (see 2.4.7) on the super-
natants and a freshly-diluted sample of the complement source.
Figure 6.1 shows the plot obtained in the titration of
the human complement source. It is an example of the type
obtained in the titration of netv complement sources. In
TABLE 6.2
The effect of varying complement concentration
on the prozoning activity of an IgG
fraction of anti-M206 antiserum
(a) The mean value of bacteria added per tube = I.5 x 10 4
Doubling dilutions of an IgG fraction (the concentrated
pH 6 eluant, from stepwise chromatography on a protein A-
Sepharose column) of C-8 antiserum r^/ere tested in two
standard bactericidal assays with 5 x I03 tog-pfrase M206
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Haemoly tic titration of HuC-14
A 1:20 dilution of the HuC-14 strength used in
bactericidal assays (a I:5.2 dilution) was made
up in VBS. Five volumes ( 0.5 mI I. 25 ml) vtere
tested in a haemolytic complement titration (see
2.4.7) . Appropriate control tubes vtere included
and ODU4In¡n values of the supernatants were
calculated.
A plot of log x vs log 1Y/t-v) $tas drawn up,
where [ = serum dilution and y = the corresponding
fraction of SRBCs Iysed. The Von Krogh equation,
rog x = Iog K + I/n log (Y/t-y) ,
\Á/as then cited. A value fOr I/n (the gradient)
and log K (the intercept on the X-axis) I^¡as then
calculated. K represented the volume of the diluted











this instance, the ptot yielded an X-intercept (Iog K)
of 0.28 and so the undiluted complement source (HuC-14)
contained 54.7 CHSO units per ml. This meant that 3-2
i
CHSO units were added to the bactericidal assay tubes.
The gradient (L/î) was 0.2I and this was close to the
ideal value of 0.20 (V'Iilliams and Chase, 1977') -
In the bactericidal assay; antiserum dilutions of
1:100 and I:200 were shown to be strongly prgzoning, whilst
dilutions of I:800 and 1:1600 were bactericidat (see Table
6.3). Control tubes, lacking either antiserum or comple-
ment, showed complete survival. The lower % survival
figure for the tube lacking antiserum was probably due to
the presence of a low level of bactericidal antibody in
the complement source.
The subsequent haemolytic titrations revealed that
there was considerable haemolytic complement consumption in
the prozoning and bactericidal situations. Only 0.3 or
0.4 out of 3.2 CH5O units remained in the tubes after the
bactericídal assay.
Control tubes, Iacking either antiserum or bacteria in
the bactericidal assay, showed a significantly lower
complement consumption or loss. The tube, lacking anti-
serum, lost L.4 out of 3.2 CH50 units of complement during
the bactericidal assay. Exposure of the diluted complement
source to the various temperatures in this experiment
probably depleted the more temperature-sensitive complement
components. There would also have been some consumption
of complement by the alternative pathway and by the classical
pathway, since the complement source contained some bac-
tericidal antibodY.
TABLE 6.3
Haemolytic comp lement consumption in prozoning
and kil Iing situationswith2xl0 8





lltre mean value of bacteria added per ü:be = 1.8 x l0
3.2 - (GI50 r:nits rernaining in the supernatant)
control tr¡be rninus M206 cells
control tube rni¡rus corPlerent
Doubling dilutions of P-5 antiserum (1:I00 to 1:l-600) were
first tested in a bactericidal assay with 2 x l-08 log-phase
M2O6 cells and approximately 3.6 CH50 units of HuC-14, in a
total volume of 3.0 mI. At 60 minutes, the tubes were
centrifuged at 40 (10,000 g for 20 minutes). Two volumes
(1.0 and I.25 ml) of the supernatants !{ere then tested in
a haemolytic complement titration, together with dilutions
of HuC-14. Log K values from the Von Krogh equation,
Io9 x = log x + L/n Log (Y/t-y) ,
were estimated for the supernatants 1r/n was carculated
to be O.2I). The number of CH50 units of complement remain-































The tube, lacking bacteria, lost I.7 out of 3.2 CHSO
units. The slightly higher figure could again be partly
explained by the depletion of temperature-sensitive
components. There could also have been some bacterial
components, eg., LPS' in the complement source due to
absorption techniques (see 2.4.L), and these would have
acted as antigens to trigger either complement pa.thway.
4(b) IO tarqet cells
The importance of bacterial numbers in such studies
was well-illustrated in a similar experiment, that used a
much lower number of M206 cells (f x 104 in a reaction
volume of 3.0 mI). The same prozoning antiserum but a
different batch of HuC was used.
As can be seen in Table 6.4, antiserum dilutions of
Iz2O0 and 1:400 were strongly prozoning whilst further
dilutions \^/ere bactericidal. The prozoning titre of
I:400 was only two-fold hÍgher than that in the previous
experiment, although the complement concentration was
doubted and the number of target cells was reduced by a
factor of 20r000. The control tube, lackj-ng antiserum'
showed complete killing and this could be attributed to
the presence of a relatively high level of bactericidal
antibody in the dilution of HuC used.
The subsequent haemolytic titrations revealed that
approximately one third of the available haemolytic comple-
ment had been lost in aII tubes, during the bactericidal
assay. There was no significant difference between any
of the tubes. The results indicated that, although
complement was consumed in the killing situation, and
x1
TABLE 6.4
Haemolytic complement consumption in prozoninq
and kill situationswithlxl0 4
^9. tuphimuv,ium 14,206 ceIls
(")rt" 
nean value of bacteria added per tr:be = 8.1 x 103
(b) 6.0 - cu5o uraits remaining i¡r tJ:e supernatant
(").onarol 
tube rni¡rus M206 cetls
(d)-rrttol tube minus ccnprerent
Doubling dilutions of
were first test,ed in a
phase 14206 cells and 6





assay with 104 1og-
of HuC-12, in a
oAt 60 minutes, the tubes were centrifuged at 4
for 20 minutes). The supernatants were diluted
VBS and a haemolytic titration was performed on
The number of CH50 unit.s of complement remaining
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probably in the prozone situation also, the level involved
r^ras smaIl, d.ue to the low number of M206 cells used. The
majority of the consumed complement appeared to be lost
because of physical factors in the experiment eg., variations
in temperature. It had been shown repeatedly that 0.5
1.0 CHso units of HuC were required to kiII 5 x r03 tzoo
celIs in a normal bactericidal assay; sufficient complement
therefore remained in the tubes, showing prozoning in this
experiment, to effect killing of the target cells'
C Examination of Possible steps, irr the complement
cascade, whose modification results in the Neisser-
Wechsberg nomenon
Section B estabtished that complement was activated and
consumed during the prozone phenomenon. The cytolytic path-
way, though initially activated, was not going to com-
pletion. The following studies sought to pinpoint the actual
step that was being modified to cause the phenomenon.
6.2.3 Evidence for the fixation of the first three
components of the classical pathway in the prozone
phenomenon
Log-phase 5. typhimuz'ium N1206 cells were first in-
cubated with a prozoning and a killing ditution of a
hyperimmune rabbit antiserum, and undiluted GpC at 37o or
its cI42 preparation (see 2-4.5) at 40.
A standard bactericidal assay was performed on the
mixtures containing whole GpC. ? survival values were 24BZ
and 08 with final antiserum dilutions of 1:50 and l:5000'
respectively. This initial assay proved that a prozoning
178.
and a bactericidal dilution of antiserum \^ras used to
sensitize the target cells.
The mixtures containing GpC-142 were incubated at 40
for 20 minutes. The bacteria \^/ere centri-f u9ed, diluted
and added to bactericidal assay mixtures containing two
dilutions of the hyperimmune antiserum and GpC reagents
whol-e GpC, GpC-EDTA (see 2.4.3) and C-EGTA (see 2.4.4).
Standard bactericidal assays were then performed.
Control tubes, Iacking additional antiserum, but con-
taining GpC, GpC-EDTA or GpC-EGTA all showed kilting (see
Table 6.5) ¡ only those with GpC-EDTA showed incomplete
kiIIing. The results indicated that at least CI, C4 and
C2 of the classical pathway of complement had bound to the
M2O6 cells, initially incubated hlith the prozoning dilution
of antiserum and GPC, or GpC-142. GpC-EDTA provides the
components C3 to C9 whilst GpC-EGTA provides C2 to C9.
Thus, CL42 must have bound and been activated on the celIs'
initially incubated with the prozoning (I:50) and killing
(1:5000) dilutions of antiserum. An excess of at least
C3 to C9 components, provided by all three GpC reagents,
hras sufficient to abrogate the prozone phenomenon. GpC-EGTA
and whole GpC were more efficient in this regard, possibly
because the alternative pathway was also activated and
aided the killing.
The assay mixtures containing additional antiserum
aII showed prozoning at the lower dilution (I:250) and
killing at the higher dilution (1:5000). The % survival
values hrere significantly higher in the prozoning
situations, where the cells had been preincubated with a
prozoning level of antiserum. These results had
TABLE 6.5
Fixation of Cl C4 and C2
complement compo nents bv prozonÍng
S. tuphimur'íum Ì4206 cells
1.0 mI volumes of bactericidal assay mixtures were
first made up, on ice. They consisted of 2.5 x 106
Iog-phase M206 cells; I:50 (prozoning) or 1:5000
(bactericidal) dilutions of G antiserum, and; 1:10
dilutions of GpC or GpC-I42 (see 2.4.5') .
A standard bactericidal assay was performed on those
mixtures containing GpC.
The mixtures containing C-142 were incubated at 40
for 20 minutes and then centrifuged at 10,000 g for
I0 minutes. The M206 cells were diluted to 5 x 104
2+per mI in Mg- ' saline, and 0. I mI volumes hrere added
to another set of bactericidal assay mixtures. The
final 1.0 mI volumes also consisted of L2250 and
1:5000 dilutions of G-antiserum and various GpC re-
agents (I:10 ditutions of GPC, GpC-EDTA or GpC-EGTA).
A standard bactericidal assay was then performed on
these mixtures.
TABLE 6.5
Fixation of CI , C4 and C2 comp lement components
lby prozoninq ^9. tuphinurium M206 cells
(t)r¡" 
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(a) the presence of a prozoning leve1 of antibody on
M2O6 cells did not protect these cells, on the addition
of a bactericidal leve1 of antibody and GpC reagents.
Control tubes, lacking antiserum, indicated that the
resulting killing was due to the excess C3 to C9 components
provided by these reagents'
(b) the presence of a bactericidal level of antibody
on M206 cells was not sufficient to kitl these cellsr orl
the addition of a prozoning level of antibody and GpC
reagents. Control tubes, lacking antiserum, indicated
that activated C142 was present on the washed target cells
and that only C3 to C9 components were required to kil1
these cells. There appeared to be a competition between
specific antibody and complement components in binding to
the washed M206 cells'
(c) the presence of a prozoning level of antibody on
the washed cells potentiated the prozone phenomenon, on the
addition of further prozoning antiserum and GpC reagents.
This again indicated a competition between specific anti-
body and complement components for the ce1ls.
6.2.4 Immune adherence by "Prozoning bacterial ceIIs" as a
measure of C3 activation
A range of dilutions of hyperimmune anti-M206 antiserum
was first tested in a bactericidal assay with S. typhimurium
c5 cells (1 x lOB per m1) . Tris buffer, PH 7.2, $tas used
as a diluent for this normally serum-resistant strain
(Reynolds and Rowley, L969; Reynolds and Pruul, 1971a).
After the assay, the cells were centrifuged, washed and
IBO.
resuspended in VBS. Doubling dilutions were then tested
with human RBCs in an immune adherence assay (see 2.6.2).
The results are shown in Table 6.6. The 1:50 anti-
serum dilution was the only one to display prozoning; the
remaining dilutions showed good killing in the bactericidal
assay. Control tubes, lacking complement or antiserum,
showed no killing and partial killing' respectively.
Immune adherence $¡aS demonstrated to the Same degree
with the washed bacteria, from tubes containing antiserum
dilutions of 1:50 to 1:800 (see Table 6.6). The lowest
concentration of prozoning ceIIs to demonstrate immune
adherence was 7 x I07 p"r *I.
The results indicated that C3 bound to the target
bacteria and cleaved to form the biologically-active C3b'
in both prozoning and killing situations-
A similar experiment to the one just described was then
performed, with Tris buffer, EGTA/Tris buffer and EDTA/Trís
buffer as diluents in the bactericidal assays.
Table 6.7 shows thaL immune adherence was again demon-
strated in both the prozoning and killing situations, with
Tris buffer as diluent. The titre (1.8) was four-fold
higher with the prozoning celIs. This indicated that sig-
nificantly more C3 was activated and more C3b was formed
on the prozoning bacteria than on the killed ones. The
lowest concentration of prozoning cells to show immune
adherence \^tas 5 x 107 per mI. This value agreed with that
obtained in the previous experiment.
With EGTA/Tris buffer as diluent, prozoning (I:50
antiserum ditution) and killing (I:5000 antiserum dilution)
situations were again demonstrated, with the target cells
TABLE 6.6
Demonstration of Immune Adherence by
prozoninq ^9. typhimurium C5 cells
(a) rne mean value of bacteria added pen tr:be = 3 -7 x I08
(b)ttr. last dilution to display haernagglutination
(c)r¡ot detected at l:l
l:5 to L:320 dilutions of heat-treated C-8 antiserum were tested
in a bactericidal assay with 2 x 1OB log-phase C5 cells and g.6
CH5O units of HuC-IS, in a total volume of 2.0 mI. Tris buffer,
pH 7.2, r^/as used instead of Vtg2+ saline. After 60 minutes, the
tubes \^rere centrifuged at I0rO00 g for 10 minutes at 40. The
ce]ls vrere washed once and resuspended in 1.0 mI of cold VBS.
50 pl of IB human RBCs were mixed with 50 Ul of doubling diLutions
of these suspensions, in microtitration plates. After incubating
them for 30 minutes at 37o and then at room temperature, the











































1:5 and l:500 dilutions of heat-treated A-7 antiserum
hrere tested in bactericidal assays with 2 x 108 log
phase C5 cells and 9.6 CH50 units of HuC-I8, in a
total volume of 2.0 mI. Tris buffer, 0.0I M EGTA
in Tris buffer and 0.005 M EDTA in Tris buffer
(pH 7.2) were used as diluents.
After 60 minutes, the tubes were centrifuged at
10r0OO g for 10 minutes at 40. The cells htere washed
once and resuspended.in 0.5 ml cold VBS- The assay
for immune adherence (see 2.6.2) vtas perfortned on these
suspensions.
TABLE 6.7
Alternative pathway involvement in the immune
r adherence displaved bv prozoninq
S. typhimuríum c5 cells
(a) ïhe mean value of bacteria added per tr:be = 1.5 x 108
(b) 






















































































showing immune adherence. The lowest concentration of
prozoning cells to show immune adherence was I x lOB per
ml; with Tris buffer as diluent, this value was 5 x 107
per m1. This comparison indicated that the c"2+-independent
pathway ie., the alternative pathwaY, was partly responsible
for the i.mmune adherence demonstrated by prozoning cells,
with Trís buffer as diluent. C3 was therefore bound and
activated on such cells via both pathways of complement.
The alternative pathway appeared to participate in both
prozoning and bactericidal situations, but the control
tube lacking antiserum (with EGTA/Tris buffer) indicated
that this participation required the presence of specific
antibody.
With EDTAr/Tris buffer as diluent, neither killing nor
immune adherence were demonstrated throughout the reaction
mixtures. These results were expected as EDTA prevents
the activation of bôth classical and alternative pathways
of complement.
6.2.5 Deviated lysis bY "Pro zoninq bacteria" as a measure
of C5 activation
The involvement of C5 and the entire MAC of complement'
in the prozone phenomenon, $¡as investigated next. A low and
a high dilution of hyperj-mmune anti'serum were tested in
parallel bactericidal and deviated lysis assays, with
5. typhimur,í,um M2O6 bacteria. These assays \^/ere performed
2+ ,)rgo' saline and 0.01 M EGTA in Mg'' saline as
Table 6.8 shows that, with Mg2* saline as diluent,




Bactericidal assay mixtures were first set up with a prozoning
dilution (l:2.5) and a killing dilution (1:40) of C-B antiserum,
2 x 108 log-phase 5. typhímurium M2O6 cetls and 5.0 CH5O units
of HuC-15. The total reaction volume was 2.0 mI, and both
)L
Mn'Z+ saline and O. 01 M EGTA in tlg2+ saline were used as diluents.
Appropriate control tubes, lacking antiserum or bacteria, were
also set up.




assay was performed on
set of tubes and
the remaining
The aliquoted 1.5 mI volumes were incubated at 32o for
20 minutes. Two further control tubes were included:
(1) containing 5 mg inulin, 3.8 CH50 units of HuC-Ì5
)L
and Mg'' saline to 1.5 ml, and (2') containing heat-treated
Huc-15 and t,tg2+ saline.
All tubes hrere centrifuged in the co1d. EDTA was added to
the supernatants to 0.01 M. 0.2 mI of 4Z chicken RBCs
in 0.01 M EDTA/N-saline was then added Èo both deposits
and supernatants. AII tubes vitere incubated (37o, 60
minutes) with frequent shakings. CoId EDTA/N-saline was
added to a final volume of 4.0 mI. After centrifugation
in the cold, the ODS¿, values of the supernatants were
compared with another control tube representing total
haemolysis and containing chicken RBCs, water and a few
drops of toluine.
TABLE 6. B
Demonstratíon of Deviated Lvsis by
prozoning,9. taphimurium Y1206 cells
(t) rl"u ¡rean value of bacteria added per tr:be = 7.7 x 107
(b) irrrrtirr crcntrol ulbe' containing 5 ng inulin
(") 
"orrtrol 
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bactericidal assay with the lower dilution of antiserum,
but complete killing with the higher dilution. Thus,
prozoning and bactericidal situations were represented.
The control tube, lacking antiserum displayed efficient
killing, due to the bactericidal antibody present in the
complement source. This represented activation of the
classical pathway of complement, as a similar control
tube, with ne' a,/vlg2+ saline as diluent, showed complete
survival of target celIs. Here, the alternative pathway
was unable to effect kit1ing.
Prozoning and bactericidal situations were also demon-
strated with neiie/vg2+ saline as diluent, indicating the
involvement of the alternative pathway. As the control
tube, lacking antiserum, showed complete survival, this
pathway only appeared to be bactericidal in the presence
of a reasonably high leve1 of specific antibody. This was
also borne out in Table 6.7 .
AII supernatants, assayed for deviated lysis' glave
negative results (<L2Z haemolysis). Because deviated lysis
involves a transfer of the MAC (C5b-9) to an unsensitized
celI membrane (Hänsch et aL., L977) , there was no gen-
eration of c55=9 in the fluid-phase of the reaction
mixtures.
The deposíts from all tubes, showing either prozoning
or kilting in the bactericidal assay, and from the inulin
control tube,displayed significant deviated lysis (2BZ
592 haemolysis) . The deposits, from those tubes with l,lg2*
saline and showing killing, demonstrated the highest levels
of deviated lysis. In contrast, the deposit from that tube
with nexe¡Mg2+ saline and showing killing, demonstrated
r83.
a significantly lower leve1. This difference indicated
the important contribution of the classical pathway in
the generation of activated c5 and c5b-9 with ¡rg2* saline
as diluent.
The major finding of this experiment was that, in the
prozone situation, the level of deviated lysis was similar
with either diluent. This indicated that the ca2+-
independent pathway ie., the alternatíve pathway, was
wholly responsible for the deviated lysis that resulted
with the prozoning target cells. However, bècause the MAC
was easily transferred from the target Y1206 cells to the
chicken RBCs, the complex appeared to be loosely bound to
the M206 ceIls, at sites different from those where it
could effect membrane lesions. The classical pathway of
complement did not contribute to the deviated lysis,
observed in the prozone situation. Thus, it appeared to
be unable to generate MAC' either at bacterial sites where
membrane damage could result or loosely bound to other
bacterial sites. Both pathways of complement were being
modified or deviated from their cytolytic activities at
the membrane attack phase, in the prozone phenomenon.
6.2.6 Further investigation of the role of the membrane
attack complex of complement by the use of R reaqents
(a) Testing of the R reaqents RaC6-9 and C6-def RaC
Table 6.9 shows the results of bactericidal assays,
designed to prove the functional purity of the R reagents
used (see 2.4.2 and 2.4.6).
Note that RaC contained sufficient antibody, specific
for the target ,9. typhímurium l{206 ce1ls, to efficiently
TABLE 6.9
The performance of rabbit R reagents
in a bactericidal assay with
,S. tuphinurium M206 cel-ls
ComplemenL source å survival of bacteria (a)
RaC





















(t)rn" nean value of bacteria added = 5.4 x I03
(b)t,I00 final ditution of heat-treated c-3 antisen¡n
(c)t.200 firnl dilution of tl¡e IgG fraction of s-6 antisenm (see 4.2.2')
(d)r¿t i¡r the presènce of 0.oI M EcrA
A standard bactericidal assay hlas performed with 5 x 103
log-phase M206 cells; bactericidal Levels of whole anti-
M2O6 antiserum, or the IgG fraction, and; final 1:10, or
higher, ditutions of rabbit complement reagents. The
RaC6-9 reagent was prepared from the freshly collected RaC
(see 2.4.6) and C6-def RaC was donated (see 2.4.2).
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kill them in the absence of any other antibody source.
As a complement source, RaC killed even at a final
dilution of t:40,.in the presence of anti-M206 antiserum
or the IgG fraction. Rac also efficiently killed the
target cells in the presence of bactericidal IgG and EGTA,
again demonstrating that the alternative pathway could be
bactericidal in this sYstem.
As expected, the RaC6-9 preparation and C6-def RaC
could not individually kill the target cells in the presence
of a bactericidat level of antibody. In the testing of the
c6-def Rac, the IgG fraction of an anti-M206 antiserum,
rather than the heat-treated antiserum, was used to provide
bactericidal antibody because the antiserum would have
retained its C6 activity. The RaC6-9 preparation and
C6-def RaC together were able to efficiently kill the M206
cells, in the presence of a bactericidal level of the IgG
fraction. c6, missing from c6-def Rac but necessary for
kíItíng, hlas provided bY RaC6-9.
(b) The effect of C6-def RaC and RaC6-9 on "prozonr-ng
bacterial ceI1s"
In this experiment, Iog-phase 5. typhínunium N1206 celIs
were first incubated at 320 with prozoning and bactericidal
dilutions of a hyperimmune rabbit antiserum, and with RaC.
The M206 cells stere then washed and diluted in the cold.
Standard bactericidat assays were then performed'with these
cells and the two R reagents (see Table 6.10).
The bactericidal activities of the antisêrum dilutions
used b/ere established in an initial bactericidal assay, ât
the start of the experiment. The 1:50 dilution showed good
prozoning activity. The L2250 and L:L250 ditutions were
TABLE 6.10
The effect of C6-deficient RaC and RaC6-9
on prozoning S. tAp himuv,ium M206 ce1ls
Bactericidal assay mixtures (4 ' 0 mr) were set up at
40 with 3 x 108 log-phase M206 cells; I:50, 12250 and
I:1250 final dilutions of heat-treated A-8 antiserum,
I
and; a final Lz2O dilution of RaC. Control mixtures
(3.0 mt), lacking one or more active reagents' were also
included.
I.0 ml was removed from the three test mixtures and a
standard
samples.
bactericidal assay r^ras performed on these
The remaining 3.0 mI mixtures were incubated at 32oC
for 30 minutes. The cells were centrifuged at I0'000 g
in the cold, washed once in cold N-saline and resuspended
in 3.0 mI. Each washed suspension hras diluted 1:2000.
The dituted suspensions provided the target cells in a
second bactericidal assay with additional rabbit comple-
ment reagents (L¿20 RaC, RaC6-9 and I:20 C6-def RaC) but
with no additional antiserum.
TABLE 6.10 Ttre effect of C6deficient RaC ard RaC6-9 on prozoning S. tUphírruríwn lû.06 cells
å sun¡ival of M206 cells (b) i¡r the bactericidal
assays with added ccrçlerent reagents:
RaC RaC6-9 C6-def RaC RaC6-9, C6def RaC (c)



















14206 cells, 1:50 dilution
of antisen¡n, heated(d) Rac
M206 celIs, RaC
ICI06 ceIIs, 1:50 òilutj-on
of antisen¡nr, ÞC
Ir{206 cells, 1:250 dilution
of antisen¡n, RaC





the nean value of bacteria added per tube = I.5 x 108 (d) 5oo, 3o minutes
(t)not tested
(f) r*, cotony æunts at o mi¡utes
3Itre rean value of bacteria added per tr:be = 4.0 x 10
0.01 M rcww2+ saline as dil-r¡ent
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bactericidal, even in the mj-xtures incubated at 32o (tf¡e
viable counts at 0 minutes were markedly reduced in the
subsequent set of assays).
The important results in the subsequent set of assays
concerned the target cells in the prozone state. They
were kitled on the addition of RaC. The addition of
RaC6-9 or C6-def RaC alone had no such effect. However,
the cells were kifled when both R reagents were added in
the presence of EGTA.
The killing, only observed on addition of RaC or both
R reagents, indicated that an excess of all the components
making up the MAC of complement (C5-C9), and not just
C6-C9 or C5, C7, C8 and C9, was required to abrogate the
prozone phenomenon. The classical pathway of complement
was presumably activated during the incubation of celIs
at 32o, but EGTA would have prevented any further
activation of Cl in the subsequent bactericidal assay with
RaC6-9 and C6-def RaC. The observed killing could there-
fore not be explained by further classical pathway
activation on the cells. There presumably was activation
of C3 to C9 via the alternative pathway because the control
tube, containing target cells that had been preincubated
with the prozoning ditution of antiserum and heated RaC,
showed efficient killing on addition of both R reagents
and EGTA.
Note that target celIs, preincubated with the pro-
zoning dilution of antiserum and RaC, I^tere ef f iciently
killed by this complement source after they had been washed
and diluted. Thus, the prozone phenomenon appeared to be
sensitive to the relative concentrations of complement and
186.
sensitized bacterial ce1ls.
The control tubes, containing both R reagents and
cells that had been preincubated in the absence of active
complement, indicated that the alternative pathway was
bactericidal only in the presence of specific antibody.
CHAPTER 6.3 Discussion
The involvement of both complement pathways in the NW
phenomenon was examined by the work described in this
chapter. The classical pathway was shown to be activated
but the MAC was not assembled or, if assembled, was not
functional. The alternative pathway was also shown to be
activated but the resulting MAC did not bind to sites on
the target bacteria where it could cause membrane lesions.
Firstly, the prozoning activity of hyperimmune antiserum
v/as shown to be inversely proportional to the concentration
of complement in the bactericidal assay mixture (see Table
6.1) . This agreed with previously published reports
(Neisser and Wechsberg, 1901; Thomas and Dingle, L943¡
Thomas et qL., I943i Joos and HaII, 1968; Muschel et aL.,
L969) that the prozone phenomenon can be abrogated by higher
leve1s of complement. Chapter 4 established that complement-
fixing antibody of the IgG class !ìtas the only antibody to
demonstrate prozoning activity in this system. It followed
that IgG fractions should behave like the whole antiserum
in the prozone situation. Tab1e 6.2 showed that the pro-
zonJ-ng activity of such a fraction hras also reduced by a
higher leve1 of complement.
Complement was shown to be consumed and therefore
activated, in the prozone situation. Haemolytic complement
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titrations were performed on the supernatants of prozoning
and killing mixtures, ât the end of a bactericidal assay.
The consumptíon of haemolytic complement by prozoning
mixtures was considerable; it paralleled the consumption
by killing mixtures (see Table 6.3). Because complement
consumption had previously been shown not to occur in the
fluid-phase of prozoning mixtures (Chapter 3), the
consumption, and therefore activation, must have occurred
on the prozoning celIs.
Muschel et aL., (1969) demonstrated haemolytic comple-
ment consumption in a similar system, with SaLmoneLLa
typhi, but they did not publish the supportive data. How-
ever, another group (Thomas and Dingle, l-943) failed to
demonstrate such consumption in the prozone phenomenon
with Neisseria meningit¿d¿s bacteria. This could be
explained by the large disparity in the numbers of bacterial
cel1s, used in the initial bactericidal assay, and the
RBCs, used in the subsequent haemolytic assay (see Table
6.4) . It was also significant that these workers reported
that the prozone phenomenon can be abrogated by higher
Ievels of complement.
Several authors, studying different bactericidal systems,
ie., with S. typhímurium (Eddie et aL., L97L), Br,. abortus
Hal1 et aL,, I97L) and /t/. meningitidis (Griffiss, L975) ,
showed that IgA antibody can block the bactericidal activity
of IgG or IgM antibody. The IgA antibody in the latter two
studies was derived from convalescent and hyperimmune sera,
that displayed the prozone phenomenon. If the IgA antibody
b/as the prozoning antibodyr âs Hall et aL., (1971) stated,
complement consumption would not have been expected to occur.
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This is because IgA is unable to fix complement (Ishizaka
et aL., 1965; Eddie et qL., I97L; Knop et aL., L97L¡
Colten and Bienenstock, L9'74¡ Hedd1e et aL., 1975) . HaII
et aL., (197I) and Griffiss (1975) could not assign the
prozoning activity of the whole sera to their IgA frac-
tions; IgA, far in excess of that occurring j-n the whole
sera, was required to block the bactericidal IgG and IgM
antibody. Complement consumption in the prozone phenomenon,
as demonstrated in this Chapter, supported the role of IgG
anLibody as the prozoning antibody.
Having established that initial complement activation
occurred on prozoning bacterial cells, it was then important
to establish at which step the cytolytic pathway was being
modified or deviated.
Activation of the first three components (C1, C4 and
C2) of the classical pathway was first shown to occur on
prozoning M206 ce1ls (see Table 6.5) . The cells v/ere
sensitized with a prozoning dilution of antj-serum and CL42
reagent. They were washed, diluted and, on addition of
GpC, G-C-EDTA or GpC-EGTA' b¡ere killed. This experiment
also showed that the prozone phenomenon $¡as sensitive to
the relative concentrations of prozoning antibody and
complement components, particularly the terminal components.
There appeared to be a competition between them for binding
sites on the bacterial cells. Muschel et aL. , (1969)
previously reported that prozoning SRBCs can be lysed by
C-EDTA, in the immune haemolytic system.
C3 was also shown to be present in its activated form,
C3b, on prozoning ,9. typhimuriun C5 cells (see Table 6.6) .
The latter participated in the immune adherence of RBCs,
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one of the biological activities of cell-bound C3b
(Nishiola and Linscott, L963¡ Nelson, l-963) . (The M206
strain could not be used in this type of experiment as
its cells tend to autoagglutinate under the experimental
conditions). The only previous demonstration of immune
adherence by prozoning cells (Muschel et aL., 1969) had
been recorded for the immune haemolytic system.
The role of the alternative pathway in both prozoning
and killing situations was clarified by the use of the
chelating agents, EGTA and EDTA, in another immune adherence
experiment (see Table 6.7) . Target cells were killed in the
presence of EGTA, but only when specific antibody had been
added. This meant that the alternatíve pathway was
bactericidal r âs EGTA only blocks the classical pathway
(Fine et aL., L972), but it required specific antibody.
The question of antibody involvement in the bactericidal
activity of the alternat,ive pathway has not been clearly
answered (ptüller-Eberhard and Schreiber, 1980), although
there have been many reports in the affirmative (Michael et
aL", 1962; Sandberg et qL., 1970; Reed and Allbright, L974;
Sirðták et aL., l-976). The present experiment also demon-
strated immune adherence by the cells, that v/ere killed in
the presence of EGTA. This was consistent with C3b,
activated by the alternative pathway, being present on the
killed cells.
The other important findings, mä.de in the presence of
EGTA, \^/ere that the prozorle phenomenon was evident at a
Iow antiserum dilution (1:50) and that the surviving cells
displayed immune adherence, This was the first indication
of alternative pathway involvement in the NW phenomenon. The
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Ievel of immune adherence (titre Lz2) was significantly
less than that demonstrated in the absence of the chelating
agent (titre I:8). This indicated that C3b, generated by
both,complement pathways, was present on the prozoning
ceIls.
In the light of st¡ch studies, it was reasonable to
assume that the Ir4AC (C5b-=9-) was not being assembled or that
it was unable to bind to sites, where it could effect
membrane lesions, in the prozone situation. This assumption
became a working hypothesis when it was supported by studies
involving the deviated lysis phenomenon (Rother et qL.,
I974) and rabbit R reagents.
In the first instance r âIt initial bactericidal assay
showed that both complement pathways could lead to pro-
zoning or kitling situaÈions (see Table 6.8). Again, the
alternative pathway was bactericidal only when specific
antibody was present. Deviated lysis activity was not
demonstrated in the supernatant of any reaction mixture.
This indicated that cS=9-, the MAC transferred in deviated
lysis (Hänsch et aL., 1977), was either not formed in the
fluid'phase oE t once formed, was then quickly converted to
an inactive form. Fluid-phase or unbound C5b-9 decays
rapidly (Kotb and Mütler-Eberhard, L973) and this is
probably due to the inhibitor, S-proLein. This normal com-
ponent of human serum (Podack and Müller-Eberhard, 1979)
inhibits the cytolytic activity of the MAC (podack et aL.,
L97B) by replacing three C9 molecules in the monomeric form
of the complex (Podack et aL., L977) . S-protein may there-
fore have been responsible for the lack of deviated lysis
activity in the supernatants of the assay mixtures.
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The sedimented cells of all prozoning or killing
mixtures displayed deviated lysis. Although it was sig-
nificantly greater for the killing mixtüre with ttg2*
saline as diluent, deviated lysis was similar for the
.2+-)-Lprozonrng m:-xtures with lt{g-' saline or EGTA/NI1' ' saline
as diluent. These results hightighted the major contri-
bution of the classical pathway in the formation of the
MAC in the bactericidal situation. They also indicated
that a loosely bound I'IAC was formed in the prozoning
situation, but only by the alternative pathway.
The R reagents, RaC6-9 (Cooper and MüI1er-Eberhard,
1970) and C6-def RaC (Rother and Rother, 1961), and RaC
were used as complement sources in another experiment to
investigate the role of the MAC in the NW phenomenon.
M206 cells \^rere first incubated with prozoning anti-
body and RaC. The cells were then washed, diluted and used
as the target cells in a bactericidal- assay with additional
RaC or R reagents. Excess of the terminal complement
components C3 to C9 were required to abrogate the prozone
phenomenon, as the target cells r{tere kilted by RaC or by a
mixture of RaC6-9 and C6-def RaC in the presence of EDTA,
but not by either R reagent alone (see Table 6.I0).
Substantial C3b was previously shown to be deposited on
prozoning cells, by the demonstration of immune adherence,
and so an excess of components C5 to C9, ie., those com-
prising the MAC, appeared to be necessary to abrogate Èhe
prozone phenomenon.
This experiment afforded other important results.
Again, the alternative pathway seemed to require specific
antibody to be bactericidal, âs target cells were killed
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2+by the mixture of RaC6-9 and C6-def in EGTA/Mg sali-ne,
only after sensitization with specific antibody.
The previous Chapter established that the prozoning
activity of an antiserum, or its IgG fraction, $¡as in-
sensitive to bacterial numbers. However, the experiment
with R reagents indicated that tþe prozone phenomenon \^ras
sensitive to bacteríal numbers, but in an indirect manner.
When M206 cel1s, sensitized with a leve1 of antiserum
known to result in prozoning with a certain dose of RaC,
were washed and diluted, they r^rere efficiently kilIed by a
similar dose of RaC. The number of antibody molecules
bound per M206 cel-I remained the same, but the numbers of
molecules of complement components made available to each
cel1 were significantly higher. This reinforced the belief
that the relative concentrations of specific antibody,
particularly cell-bound antibody, and complement components
were the major factors determining whether a prozone or
bactericidal situation existed. It suggested that there
was a competition for proximate ceI1 binding sites between
specific antibody and complement components. The prozone
phenomenon seemed to represent a situation, whereby the
competition favoured the binding of a large number of avid
antibody molecules to the target cells, and complement
components, particularly the MÀC, were excluded from their
binding sites.
The results ffom this Chapter indicated a limited number
of possible mechanisms by which the cytolytic pathway of
complement was being deviated in the NW phenomenon. All
involved the membrane attack stage: (i) C5 \^ras not activated,
(ii) C5 was activated but coul-d not assemble the remaining
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components of the l4AC, oE (iii) C5 was activated, the l4AC
was assembled but it was unable to bind to sites on the
bacteria where it could cause lesions. The first poss-
ibility seemed unlikely because C5 is structurally very
similar to C3 (MüI1er-Eberhard, L975) and so should also
have been activated in the prozo4e phenomenon. The
studies involving deviated lysis indicated that (loosely)
cell-bound MAC was only generated by the alternative path-
v¡ay. Fluid-phase ¡4AC may have been generated by the
classical pathway but this would have been quickly inactivated
(Kolb and Müller-Eberhard, L973) , presumably by S-protein
(Podack et aL., 1978; Podack et qL., 1980). It is con-
cej.vable that the dense cover of antibody molecules \^ras
inhibiting the MAC, generated by both pathways, from binding
to sites where it could effect lesions. The inhibition may
have been due to steric interactions ¡ ês the active form
of the MAC is a very large dimer of C5b5789 6 (Biesecker
et aL., L979) . It may also have been due to electrostatic
interactions, âs the binding of IgG molecules to Gram-
negative bacteria confers hydrophobicity to their surfaces
Stendahl et aL. " L977) .
The question of cell saturation by prozoning antibody
and the role of steric hindrance in the prozone phenomenon
witl be taken up further in the next Chapter.
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CHAPTER 6.4 SUMMARY
6.4.L The prozoning activity of an antiserum was inversely
proportional to Èhe complement concentration in the bac-
tericidal assay mixtures. The prozoning activity of the
IgG fraction also shared this relationship.
6.4.2 The prozone phenomenon \^ras abrogated when bacteria,
already sensitized with antibody, \^rere diÌuted and in-
cubated with a similar dose of complement. This strongly
suggested that the ratio of antibody molecules bound per
bacterium and the level of complement available per
bacterium r^rere deciding factors in the NW phenomenon.
6.4.3 Considerable haemolytic complement was consumed by
prozoning mixtures. Fluid-phase interactions were pre-
viously shown to be unimportant, and so the consumption
must have taken place on the target cells.
6. 4.4 Both pathways of complement \^/ere activated to at
Ieast the C3b component on prozoning bacteria. Only the
alternative pathway seemed to generate celI-bound MAC, but
thj-s was loosely-bound to sites where it could not cause
killing. Inhibition of the formation of llAC or the inhibition
of the binding of the formed MAC to bacterj-al membrane sites
\^/ere suggested mechanisms for the NW phenomenon.
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CHAPTER 7 THE INVOLVEMENT OF STERIC HINDRANCE IN
THE NEISSER WECHSBERG PHENOMENON
CHAPTER 7.I Preamble
Much of the data, presented so far, indicated that
hindrance of activated, terminal complement components
by cell-bound antibody plays an important rolé in the
Neisser-Wechsberg phenomenon. Competition for different
but proximate bacterial binding 
"it." appears to favour
the very avid antibody (see 5.2.5), in this situation.
Preincubation of target bacteria with this antibody, prior
to the addition of complement, enhanced the prozoning
activíty of the antibody source (see 3.2.2'), while the
prozoning activity of such an antiserum was reduced by
increasing the complement concentration (see 6.2.I). Thus,
the competition responsible for the hindrance can apparently
be altered.
It is possible that the NW phenomenon occurs due to
steric hindrance of this lesion-forminq complex, by a cell-
saturating level of antibody. However, this explanation
did not seem very likely as the phenomenon was found to be
relat.ively insensitive to bacterial numbers (see 5.2.6); a
similar óbservation was reported by Normann ¿t aL., (1972) .
Consequentlyr ürê decided to investigate the level of
saturation with specific antibody of bacterial cells
exhibiting the NW phenomenon; the results of this investi-
gation are discussed in this Chapter.
A direct method of determining the number of antibody
molecules IgG molecules, in particular - bound to
bacterial cells would have been ideal. The first technique
that came to mind involved the removal of bound antibody
and its estimation by a radioimmunoassay, such as that used
by Ey et aL., (1978). However, the work described in 5.2.5
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showed that the bound antibody with prozoning activity
could not be readily eluted from the bacterial cel1s.
So, this method was not attempted. Another, involving
the binding of l2Sr-ptotein A to the sensitized ce1ls, was
adopted instead. Apart from a few modifications, this
method closely followed that described by Mathews and Minden
(le7e).
Other experiments, described in this chapter,
attempted to further define the extent of steric hindrance
operating in the NW phenomenon, but by more indirect
methods. The effect of polymyxin, an antibiotic with a
similar mode of action on bacteria as complement (Pruul
and Reynolds, L972) , was studied on bacteria sensitized
with a prozoning level of antiserum. It was also important
to establish whether a monospecific antiserum ie., one
containing antibody specific for only one antigen of the
immunogen, could participate in the prozone phenomenon.
Last1y, the cells of an antigenically-different Salmonel-Ia
species and SRBCs were sensitized with the LPS of
^9. typhimurium C5 to see whether the prozone phenomenon
could be demonstrated on these cells.
CHAPTER 7.2 Results
L257.2.L The measurement of cell-bound IqG by I-protein A
l-25RecentIy, I-protein A has been used to quantitate
ce1I-bound IgG antibody specific for one of several
bacterial species (Christensen et aL., L976; ZeILer et aL.,
1978; Mathews and Minden, 1979). The method, described in
the last reference, was adopted in an attempt to gauge the
relative levels of IgG antibody that were bound to
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S. typhimuríum cells in bactericidal through to prozoning
situations.
An initial titration, ie., an l25t-p.otein A binding
assay incorporating a low dilution of a hyperimmune
(rabbit.) anti-M206 antiserum and doubling dilutions of
the I25--protein A preparation (see 2.8.2'), revealed that
a dilution of the preparation containing over 3 x 104 cpm
would ensure efficient binding of L25f-protein A to the
sensitized cells.
The same hyperimmune antiserum was subjected to one
step protein A-Sepharose chromatography (see 2.9.I(b)).
The pH 3 eluant, representing the IgG fraction, I^Ias con-
centrated to twice the original serum volume. Doubling
dilutions were tested, in paraIIel, in a standard
bactericidal assay and in a 125t-ptotein A binding assay
with S. typhimurium M206 ceIls. Two concentrations of
l2sr-ptotein A ie., those containing 3.7 x 104 cpm and
Á.7.4 x 10- cplnr $rere used in the binding assay.
The bactericidal assay results were as expected (see
Fig. 7.I'). Final IgG dilutions of I:25 and 1:50 showed
effícient prozoning activity, the 1:I00 dilution showed
some prozoning activity while further dilutions showed
efficient killing of target cells.
ã specific binding and specific binding values, for
each dilution of the IgG fraction, are plottedin Figs. 7.I
and 7.2, respectively. When 3.7 x I04 cpm of l2sr-ptotein
A was added, both parameters rose wíth increasing IgG
concentration but both plateaued when the three lowest
dilutions (1:I00, I:50 and Lz25) of the IgG fraction \^tere
tested. The plateau therefore occurred at the same time
FIGURE 7.I
% specific binding of 125r-prct in A by target
,S. tuphimurium Iq2O6 cells preincr:ba ted with an IcG fraction
of hyperj¡rmr-rre antisen¡n in dilution
Bactericidal and 125r-p-t in A bind.ing assays were set l-p in
paralIeI, witl. doubling dilutions of the IgG fraction of A-B
antisenrm and log-phase M206 celIs. Ttre IgG fraction was derived
by the one step affinity chronatogrraphy of 3.0 mI of antisen¡n on
a protein A-Sepha:rose colunn (see 2.9.I(b) ) . The resulting $I 3
eh¡ant \^¡as æncentrated to 6 mI.
In tlre bactericidal assay, I.2 CH50 units of HuC-18 were added to
the reaction rnixtures of 1.0 ml fi¡ral volune. Tt¡e nean nurber of
bacteria added per tr-:be was 9.I x 107.
Ihe j¡ritial 4.0 ml rnixtures i¡ tJre binding assays r^¡ere incr¡bated at
37o for 30 rni-nutes and were split j¡rto for¡r 0.05 mI fractions after
the fj-rst set of washings. 3.7 x I04 cpm of l2sr-ptot"in A was added
to ü,t¡o fractions and 7.4 x 104 c[>m, to tlre rernaining tr,ro fractions.
Alt rnixtures were tlren inculbated at 37o for 60 minutes. Ttre radio-
activity of the cell pellets was neasured as slxn after anotÌ¡er set
of wastrings.
% killing (r) and å specific birding (o, 3.7 x L04 cpn; o, 7.4 x 10
cpm of added l2sI-prot"irr A) val-ues r^,ere þlotted against the
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FIGURE 7.2
Specific birdinq of I25--orot"i:r A by target
S. tuphirruriun tt¡206 seILs preincr¡ba tæd with ar¡ IcG
fraction of a hrrcerifinune antisen¡n in dilution
Specific birdingvalues (o, 3.7 xL04 cPm;o, 7.4 x 104 ryn
of added l25r-ptot"i:r A) for the birding a^ssays' descrjJ¡ed
in Fig. 7.1, r^ære plotted against the cones¡nnding
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that prozoning activity became evident. When the added
125t-p.otein A was doubled, however, specific binding
values rose stéeply with increasing IgG concentration and
did not completely plateau out, even when the 1:50 or Lz25
dilutions of the IgG fraction were tested. Specific binding
values for any one dilution of the IgG fraction were
significantly higher when the higher concentration of
L25__L-prorean A was added; this was especially true for the
I:100, 1:50 and l-z25 dilutions. B specific binding values
!{ere around 90å for the Èwo lowest dilutions of the IgG
fracÈion, but were still increasing and so had not completely
plateaued.
The results indicated that the plateau of specific
binding and ? specific binding values, seen with the lower
concentration of l2sl-protein A, was due to the exhaustion
of this reagent rather than a saturation of the target
cells by specific IgG antibody. Results with the higher
concentration of l2s--ptotein A indicated that prozoning
activity became apparent when a high, but not saturating,
level of IgG molecules (in the I:I00 dilut.ion of the IgG
fraction) had bound to the target M206 cells- However, a
cell-saturating level of IgG molecules seemed to be present
in the Lz25 dituÈion of the IgG fraction.
The TCA control tubes indicated that 972 and 988 of
the radioact,ivity' added in the lower and higher con-
centrations of l2st-ptotein A, respectively, was available
for binding. 222 and IB% of the added radioactivity non-
specifically bound to the M206 ceIIs. These figures were
high, compared with those quoted by Mathews and Minden
(L979), but they were consistently so in all binding assays
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with M206 cel1s.
A mathemati-ca1 calculation demonstrated that levels
of celI-bound IgG antibody, close to a cell-saturating
Ievel, were present in the prozoning situations. The
higher concentration of the L2sr-protein preparation used
contained 11 Ug per mI of protein A and so 1.1 Ug of
125t-protein A was represented by 72,OoO cpm (the TCA
control value). The highest dilution of the IgG fraction
to show good prozoning activity with 9.1 x tO7 vtZOø cells
per mI was 1:50. The specific binding value was 54,000 cpm
in this case and, therefore, g.I x 1o-9 ug of I2st-protein
$ras estimated to be bound per (prozoning) M206 celI. Using
the MW of 42,000 for protein A (SjoquisL et aL., L972) and
Avogadro's number (6.023 x tO23), 130,000 motecules of
I25_---I-protein A were estimated to be bound to each M206 ce1I.
As one protein A molecul-e can bind to two IgG molecules
(Sjoquisb et aL., L972), there may have been 260,000
specific IgG molecules bound per M206 ceI1. This was
similar to the number (530r000) of IgG molecules, estimated
by Stendahl et aL., (19771, required to saturate a smooth
.9. typhi,murium ceII. However, cell-s of the M206 strain
contain about half the number of O-somatic antigens as a
normal smooth strain; so, with the first dilution of the IgG
fraction to show good prozoning activity, the target l'4206
cells seemed to be almost 1008 saturated with IgG antibody
specific for these antigens.
7.2.2 The bactericidal action of polymyxin in the presence
of prozoning levels of antibody
The actions of complement and the antibiotic, polymyxin,
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on Gram-negative bacteria have been shown to be synergistic
and presumably produce similar lesions on both outer and
inner membranes (Pruul and Reynolds, 1972). The study that
follows was designed to see whether a bactericidal level
of the antibiotic could be inhibited by the presence of
prozoning levels of anti-M206 antibody. It was imperative
to first establish the minimum concentration of polymyxin
to efficientty kiII target S. typhimuriun M206 cells, under
standard bactericidal assay conditions.
(a) Minimum killinq conc entration of polvmvxin
Various concentrations of polymyxin B sulphate were
)
added to log-phase M206 cells (S x I0') and normal bacteri-
cidal assay conditions were followed. The results (see
Table 7.1) indicated that 250 ng of the antibiotic was
necessary to kill over 903 of the target cells- 250 ng
per ml was therefore taken to be the minimum killing con-
centration (MKC) .
(b) Effect of prozoning Ieve1s of anti-M206 antiserum
on the bactericidal action of polymyxin
Doubling dilutions of polymyxin hrere tested with both
a prozoning and a killing dilution of hyperimmune rabbit
antiserum, and log-phase Iv1206 cells, in a standard
bactericidal assay. To equatize the level of proteín binding
by the antibiotic in each tube, heat-treated HuC was added.
Table 7.2 shows that the MKC of polymyxin was 250 ng
per mI, whether the bactericidal dilution (I:5000) or the
prozoning dilution (1:100). of antj-serum was present. This
meant that a prozoning level of antibody on the M206 cells
did not hinder (either sterically or electrostatically) the
TABLE 7.L
Minimum pol-ymyxin concentration to kill
loq-phase S. tuphímurium N1206 ce1ls
(a) Mean value of bacteria added per tube 4.2 x 10 3
A stock solutj-on of polymyxin B sulphate (I0 mg per m1)
was made up in N-sa1ine. 20 uI of doubling dilutions
\ìrere added to sterile tubes containing 0.9 mI t'tg2+ saline.
?5 x 10" log-phase lvt206 cells were added to aII tubes.
These $rere incubated at 37o for 60 minutes, with 40 ul
volumes being assayed for viable counts at 0 and 60.minutes.
















The e ffect of prozonins levels of anti-M206
antiserum on the minimum killinq concentration
of polymyxin for S. tuphimurium N1206 cells
(t)*".r, value of bacteria added per tube = 4.9 x 103
(b) unheated HuC-13 added
Doubling dilutions of polymyxin (20 Ut) were tested in a
standard bactericidal assay with 1:100 and 1:5000 dilutions
of 5-6 antiserum, a 1:40 dilution of heat-treated HuC-I3
and log-phase M2O6 cells (5 x tO3). Both the antiserum
and the complement Source $lere heated at 560 for 30 minutes.
ng of
polymyxin added
? survival of M206 bacteria (a)
























antibiotic from binding to bacterial sites where it could
effect lesions.
Control tubes, containing active complement but no
polymyxin, confirmed that the lower dilution of antiserum
was a prozoning dilution, and that the higher was a bacteri-
cidal one. The MKC of polymyxin,(250 ng per ml) in this
experiment was similar to that calculated in (a). This
meant that the presence of Serum protein, in the form of
heat-treated HuC, did not affect the bactericidal action
of this antibiotic. This agreed with Kunin (1967), who
stated that the degree of binding of polymyxins to plasma
proteins is low.
7 .2.3 The prozone phenomenon with S. minnesota R595
cells sensitized with the lipopolysaccharide of
S. tuphimurium C5
s. minnesota R595 is a rough strain lacking the somatic
antigens (2I,26) of the parent strain (Luderitz et aL.,
1966). The initial aim of this work was to demonstrate
killing and perhaps prozoning phases with R595 cells,
sensitized with the LPS of S. typhimuriun C5, and a hyper-
immune antiserum specific for S. typhimurium 14206. It was
necessary for this antiserum and the complement source in
the bactericidal assays to be free of cross-reacting anti-
body, specific for the R595 strain. Accordingly, the
antiserum was absorbed with acetone-dried R595 cells and the
GpC was absorbed twice' $tith live cells (see 2-4.L) -
In the main experiment, log-phase R595 cells were
incubated with C5 LPS and used as the target cells, after
washing, in a bactericidal assay with various dilutions of
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the absorbed anti-M206 antiserum and GpC. Table 7.3 shows
that 1:100 and L2200 dilutions did display prozoning
activity whilst t:500, 1:1000 and 1:50,000 dilutions
displayed kilting. Note that the latter was incomplete;
this was repeatedly observed with R595 celIs, sensitized
with C5 LPS. The probable reason,\^Ias that a small percentage
of the target cells were not efficiently sensitized with the
LPS.
The control tube, lacking anti-M206 antiserum' also
showed significant but incomplete kilting. This killing
was not due to the presence of anti-R595 antibody in the
complement Source (in a prior bactericidal assay, there was
only 2IZ killing of unsensitized R595 cells by GpC, absorbed
onty once with R595 cells), but rather the presence of
anti-M206 antibody. This had no real bearing on the prozone
situation that was demonstrated.
The sensitizing C5 LPS preparation consisted of
particles with the MW of I x 106 and above (Luderitz et aL.,
1966) . Assuming the MW was 106, approximately 106 molecules
of C5 LPS were incubated per 5. mínnesota cell. This LPS
woutd not have saturated the surface of the target cells,
as Smit et aL., (1975) estimated that 25 x 106 LPS molecules
are normally present on a smooth S. typhimurium cell. This
argument was supported by the results of a parallel assay'
in which the addition of a high dilution of anti-R595 anti-
serum brought about the efficient killing of target ce1ls
whether anti-M2O6 antiserum $¡aS present or not (see Table
7.3) . The prozone phenomenon, mediated by the lower dilutions
of anti-M206 antiserum, was abrogated by the bactericidal
level of anti-R595 antibody. The latter, plus the complement
TABLE 7.3

































with S. minnesotu R595 cells sensitized with the
lipopolysaccLraride of 5. tuphimuriun C5
(t) tuun value of cells added per tube = 8.6 x I03
(b) not tested
Iog-phase R595 c-etls were washed trioe in N-saline and then a
suspension in Mg2+ saline (5 x 108 cells per nù) was j¡rcr:lcated at
37o for 30 minutes with C5 LPS (1.0 nq per nù). Ttre cells were
then washed ü¿ice in tutg2+ sali¡re and diluted to about 5 x 104 per nù.
Standat:d bactericidal assays hrere perforned with tlre sensitized R595
cel1s as tÌ¡e target ce1ls. Various dilutions of anti-t1206 antiserwt,
absorbed with acretonedried R595 cells, were tested i¡¡ tlre presence
and absence of a l:5000 dilution of anti-R595 antisen¡n. The GpC
was tr,rice absorJ¡ed wittr live R595 cells before inoorporation, as a
I:26 dilution, in ttris operj¡rent.
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components comprising the cytolytic pathway, must have
had access to exposed areas on the outer membrane of the
target R595 cells. Note that the killing, with even the
higher dilutions of anti-M206 antiserum (I:500, 1:I000,
1:50,000), was significantly increased on addition of
anti-R595 antiserum. Again, exposed outer membrane hras the
probable explanation.
The important observations made in these experiments
were that: (i) prozoning and bactericidal situations
existed for .9. minnesota ceI1-s, sensitised with the LPS
of an antigenically unrelated species, and subsequently
incubated with a hyperifltmune antiserum specific for the
unrelated species, and (ii) the prozone situation was abro-
gated by the addition of anti-R595 antiserum. The results
again stressed the importance of the outer membrane LPS and
the somatic antigens, in particular, in both prozoning and
bactericidal situations.
7.2.4 The prozone phenomenon with sheep red blood cells
sensitized with the lipopolysaccharide of
S. typhimuv'íum C5
SRBCs are significantly larger than bacterial cells and
can be easily sensitized with the LPS of Gram-negative
bacteria. The fotlowing study investigated whether a prozone
phenomenon could exist in the passive haemolytic system, with
C5 LPS-sensitized SRBCS.
Cells v¡ere treated with one of three concentrations of
C5 LPS or an optimal sensitizing dose of rabbit haemolysin
(see Table 7.4) . Each sensitized suspension was then used
to test various dilutions of hyperimmune rabbit antiserum,
TABLE 7.4
Itre effect of hiqh dilutions of antisenrm with knor¡¡n
prozoninq activity on the passive hae¡rolysis of sheep red blood
cells sensitized with tl¡e of S. tuphitm,æiwn C5
Sensitj-zing species
(ug per rù)












































(a)0.2 ml of ser¡sitized cells and 3.8 ml water
(b) gnunar sensitizing dose
SRtsCs were washed i-n VBS ard ttren sensitized wittt ser¡eral levels of C5 LPS
at 37o for 90 rni¡¡utes. rhe ooncentration of cells (2 x 109 per mI) was
suct¡ thatwhen 0.2 mt of tl¡e sensitized suspensioru; r^¡ere lysed iJt 3.8 mI
of water, ü" @5¿tr*was 1.0. Other cells were sensitized for 20 rni¡utes
with rabit haanclysi:r.
1.0 mI dor:bling dilutions of a hlperirffrune antisen¡n (rabbit c) specific
for S. typhítruz"iwn It4206 were ircr:lcated witÌ¡ 0.2 ml of thre sensitized ce1l
suspensions atú. 2.7 mt of VBS at 37o for 20 rninutes. 1 CH5O r:nit of GþC
was added ard tl¡e rnixtr¡res were incubatæd for a fi¡rther 60 minutes. After
centrifugation at 4oC, ODU*r,oo values of ttre supernatants were neasr-lred.
Tfie relatir¡e haenrrlysis was o<pressed as a percentage of the OD strown by a
control tr:be containing sensitized cells a¡d water.
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specif ic for ,S. typhímurium, in a passive haemolytic
assay ( see 2 .6 .L (b) ) .
Table 7.4 shows that the anti-lf2O6 antiserum clearly
showed a prozone phenomenon with cells sensitized with
the two lower LPS concentrations (S and 2.5 Ug per ml).
? haemolysis values progressively rose from around 25e" for
the I:4 antiserum dilution to 808 and over for the L2256
dilution . Z haemolysis values of ce1Is, sensitized with
the highest concentration of LPS (400 Ug per mI) ' htere
highest for the 1:8 and l:16 antiserum dilutions but vrere
still reasonably high for the L2256 dilution. OnIy a slight
prozone effect was noted for the 1:4 dilution.
The effect of anti-M206 antiserum on the haemolysis of
RBCs, sensitízed with haemolysin, $tas slight. The I
haemolysis value was 38S for the l:4 antiserum dilution,
622 for the l:8 dilution and thereafter, the values
plateaued at about 50?. The control tube, lacking anti-
N1206 antiserum, was the only one of this series to show
significant haemotysis (462). This result was expected, âs
1 CH50 unit of complement was added and similar control tubes
did not contain an antibody source.
It was significant that only low concentrations of
sensitizing C5 LPS could mediate the prozone phenomenon.
Such sensitizing doses would certainly not saturate the SRBCs,
and vast areas of ceII membrane were presumably exposed. The
prozoning antibody levels were probably sufficient to nearly
or completely saturate the cell-bound LPS. Activation of
complement must have occurred at the LPS sites but some kind
of hindrance appeared to adversely affect the binding of
activated components, even though there h¡ere vast areas of
205.
exposed RBC membrane. This strongly indicated that an
intimate association of bact.erial LPS ' specific antibody
and complement components was necessary for the lysis of
the sensitized cells. As the concentration of sensitizing
C5 LPS was increased, the high, if not saturating, Ievel of
specific antibody could not be achieved at the cell-bound LPS
sites, and so activated complement components could bind to
such sites to cause haemolysis.
7 .2.5 The prozoni activity of monospecific hyperimmune
antiserum
All preceding work on the Nlrl phenomenon has involved the
participation of whole antiserum or particular immunoglobulin
fractions, specific for many bacterial antigens. The
following study sought to answer whether an antiserum,
specific for only one somatic antigen ie., a monospecific
antiserum, could participate in the prozone phenomenon.
Antiserum specific for the SalmoneIIa 5 ant,igen was
first prepared from a hyperimmune rabbit antiserum raised
against S. typhimuz'íumNl206 (see 2.3.3) . An initial haem-
agglutination assay, using SRBCs sensitized with the LPS of
^9. denby, indicated that antibody specific for somatic
antigens I, 4 and L2 had been efficiently removed.
Various ditutions of the absorbed antiserum hlere tested
in a series of bactericidal assays, with cells of three
Salmonella species and one Citrobacter species (see Table
7.5). Only those target cells containing the 5 antigen ie.,
S. typhimuz,iun N1206 and Citrobactev' 396, were efficiently
kiIled. This was further proof of the efficiency of the
absorption procedure. In addition, Lz25 and 1:50 dilutions
TABLE 7.5
Prozoning and bacter icidal activities of anti-"S il ic)
antisen¡n with several Salnpnella ard one Cibobacter
(^)t * value of cells added per tr:be = 6.4 x I03
(b)*"ut value of celIs added ¡:er tube = 7-6 x I03
(c) r¡ct tested
Hlperinnn:ne antiserum, specific for 5. typhirn'u'iwn ÌQ'06 (rabbit G), was
absorbed with boiled cells of S. derby (about 10il cells per mI) for 2 hor¡rs
at 37o. After re¡n¡al of tle cells by centrifugation ard ne¡brane filtration,
rzarious dilutions of the absorbed antisen¡n qere tested in stardard
bactericidal assays. Ihe log-phase cells (5 x I03 per mI) of all three
Sal¡rpnella species ard one Citrrcbacter species, ar¡d a 1:10 dilution of














































of the monospecific antiserum showed good prozoning
activity with both types of target ceI1. This meant that
antibody, specific for only one of the several somatic
antigens and of the many other antigens on the tarqet
ceIIs, was able to effect the prozone phenomenon.
Further, bactericidal assays, in which various dilutions
of the monospecific antiserum v/ere tested in the presence
and absence of a normally bactericidal dilution of an anti-
Nl2O6 antiserum, were performed. Table 7.6 shows that the
prozoning titre was l:80, in both instances. The presence
of bact.ericidal levels of antibody, specific for other cell
surface antigens as well as the 5 antigen, had no affect on
the prozoning activity of the monospecific antiserum.
Antibody, specific for only one of the four somatic
antigens of 5. typhimurium M206 was shown to mediate the
NW phenomenon. The antibody probably saturated the 5 antigen
on the target cells in this situation, but it probably did
not saturate the entire celI surface. Again, activated
complement components appeared to be hindered from binding
to the LPS antigen-antibody sites, by excess bound antibody.
These activated complement components presumably needed to
bind to these sites to cause lesions in the outer membrane.
The addition of a bactericidal level of anti'l¿I206 antiserum
introduced antibody specific for other surface antigens
but the prozone phenomenon was not abrogated. It was poss-
ible that electrostatic interactions with activated
complement components rather than steric hindrance of these
components were more important factors operating in this
prozone situation.
TABLE 7.6
Itre effect of a prozoninq leve1 of
antí-"S" antisenrm on the bactericidaJ- activiW of
ar¡ antisen:nt for S. Ì'4206
(a)
Mean value of cells added per ürlce = 6.6 x l03
Various d.ilutions of the anti-S antisenrm (derived frcrn a hlperirrmure
anti-¡{206 arrtisen¡n) were tested in st¿nda¡d bactericidal assalrs, in tl:e
presence and absence of a high dilution (1:101000) of a¡r a¡rti-ItD06.antisen¡n
(rabbit G), collected early j¡r an jrnrnrnization sclreduJ-e. Iog-phase 14206)
cells (5 x 10' per rù) and a I:10 dilution of absorbed GpC were added.
Fi¡al- dilution of
anti-"S" antisen¡n
E su.n¡ival of 14206 bacteria(a)






























The NW phenomenon occurs in situations where relatively
l-ow ditutions of antiserum, particularly hyperimmune anti-
serum (Neisser and hTechsberg, L90I) , are incubated with
target bacteria. The large numbers of specific antibody
molecules present may combine with the majority of surface
antigens and may even saturate the bacterial cells. The
resulting steric (or other) hindrance to complement
components may be responsible for the survival of these
cells. This type of explanation for the prozone phenomenon
has been suggested by Muschel (1965) and it required serious
investigation in this thesis. The experimental work,
described in this Chapter, was primarily designed to test
the degree of antibody saturation on the surface of target
ce1ls in the prozone state. It strongly indicated that
antibody saturation of surface antigens was not necessary'
although a high density of LPS-bound antibody molecules was
necessary.
The l2sr-protein A binding assay of Mathews and Minden
(L979) was adopted to measure the relative amount of IgG
antibody bound to ,9. typhimurium M206 cells. In general,
3 specific binding values obtained with dilutions of the
IgG fraction of a hyperimmune rabbit antiserum were high
(see Fig. 7.L) , compared with those published by }tathews
and lr{inden (L979: Fig. I(A) ' (C) ) . This indicated that the
IgG fraction contained a high level of specific IgG antibody.
g specific binding values .or ptozoning dilutions of
the IgG fraction hlere particularly high (>908); this
indicaÈed that N1206 cells in the prozone state were sen-
sitized with a large number of specific IgG molecules. A
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saturation level of the latter did not appear to be nec-
essary because, when the concentration of the 125r-ptotein A
reagent was doubled, the specific binding significantly
increased for the dilutions of the IgG fraction to first
show prozoning activity (see Fig. 7.2) . However, specific
binding values then did plateau lot the lower dilutions of
the IgG fraction and a calculation indicated that about
260,000 specific IgG molecules bound per bacterium with
such prozoning dilut.ions. Both facts indicated a near-
saturation level present: Stendahl et aL., (1979) estimated
that 530r000 IgG molecules are required to saturate a
^9. typhimuz,ium cell and the calculated number \^ras in this
orderr âs the target M206 cells contain half the number of
O-somatic antigens as a normal smooth strain (Archer and
Row1ey, 1969) .
The surface of Gram-negative bacteria contains phospho-
lipid, structural and enzymatic proteins, and LPS. The
latter occupies approximately 452 of the surface area of
a smooth strain of ,5. typhimurium (Di Rienzo et aL. ' I97B) .
Cells of the M206 strain contain half the somatic antigens
as those of the C5 strain (Archer and Rowley, 1969) . The
M206 strain either has more surface phospholipid orr' less
Iike1y, half the LPS molecules have no side-chains. These
facts make it even more unlikely that the cell surface of
M206 cells, in the prozone state' was saturated by antibody.
The majority of this antibody would be specific for the
O-somatic antigensr âs the latter are the major immunogens.
The surface phosphotipid of M206 cells, sensitized with
a prozoning level of antibodY, was shown to be accessible
to smalI molecules. The MKC of polymyxin was unaffected
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\^rhen target M206 cells were incubated with prozoning
levels of antiserum (see Table 7.2) . The polymyxin
molecule, like the MAC of complement, is amphiphilic and
is known to attack both (Cerny and Teuber, I97I) the outer
(Warren et aL., L957 ) and inner (Teuber, 1969) membranes
of Gram-negative bacteria. The mode of action is believed
to be similar to that. of complement (Pruul and Reynolds,
L972'), although the polymyxin molecule (Mw 1200) is many
times smaller than the IÍAC.
Polymyxin molecules \^/ere therefore not obstructed by
the bound, prozoning levels of antibody from binding to
phospholipid sites on the outer and inner bacterial mem-
branes. The f ailure of the II{AC of complement to achieve
this in the prozone phenomenon (see Chapter 6) probably
relates to the much larger size of this complex. Thus, it
\^/as stilI conceivable that the large, amphiphilic MAC was
sterically or electrostatically hindered from attaching to
outer membrane sites by high levels of cell-bound antibody.
The importance of the polysaccharide side-chains as
antigens, in both the bactericidal reaction and the NW
phenomenon, was again demonstrated. LPS of 5. typhimuníum
C5 was transferred to the surface of S. mínnesota R595 cells.
These then displayed both prozoning and killing phases with
hyperimmune antiserum, raised against the M206 strain but
also specific for the C5 strain. The sensitizing dose of
C5 LPS indicated that about 106 molecules were incubated
per R595 ceII. 25 x 106 LPS Molecules are normally present
per cell of a smooth S. typhinunium strain (Smit et aL.,
1975). This indicated that the surface of the R595 celIs
was not saturated by the C5 LPS. Experimental evidence was
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also provided that antigens, peculiar to the R595 strain,
were exposed on the surface of the sensitized cells: the
addition of anti-R595 antiserum abrogated the prozone
phenomenon. Access of specific antibody and complement
components to these antigens not O-somatic antigens
(Luderitz et aL., L966) - was not hindered by the bound,
prozoníng levels of anti-M206 antibody.
As cell-saturating leve1s of anti-M206 antibody were
not present on the prozoning C5 LPS-sensitized R595 ceIls,
steric or electrostatic hindrance of the It'lAC of complement
was not immediately obvious. However, the II{AC has a short
half-life (Koûb and MüI1er-Eberhard, 1973) and could be
assumed to bind to an outer membrane site close to the
initial antigen-antibody site; Perhaps, steric hindrance
of the MAC occurred only around the molecules of C5 LPS
and not over the entire R595 cell surface. Electrostatic
hindrance of the amphiphilic MAC, bY the dense cover of
IgG molecules known to confer hydrophobicity to the
surface of Gram-negative bacteria (Stendahl et aL., L977) -
over the sensitizi-ng C5 LPS, was also a distinct possibility.
The argument of hindrance to complement components,
operating within a defined area of antigen-antibody'inter-
action on a cetl surface, was supported by work done with
C5 LPS-sénsitized SRBCs. These significantly larger cells
v/ere sensitized with various levels of the LPS and then used
as target cells in a haemolytic assay with various dilutions
of hyperimmune antiserum, specific for the 1v1206 strain, and
complement. Low dilutions of the antiserum displayed pro-
zoníng, particularly when the SRBCs had been sensitized with
low levels of the LPS (e9., I.3 and 2.5 ug in Table 7.4),
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implying that the SRBC surface was nowhere near being
saturated by the sensitizing LPS. The bound LPS, may have
been saturated or nearly saturated htith specific antibody
under prozoning conditionsr âs higher concentrations of
sensitizing LPS (e9., 400 ug in Table 7.4\ did not show a
prozone phenomenon. Vast areas of exposed cell membrane
would still have provided an abuàdance of binding sites for
activated complement components. Again, the l'lAC could be
assumed to bind to a RBC membrane site where LPS molecules
had bound and to require interaction with the LPS-antibody
complex for its biological acÈivity. Steric or electrostatic
hindrance, or both, could prevent this in the prozone
situation.
A monospecific antiserum (specific for somatic antigen
5) $/as prepared from a hyperimmune antiserum raised against
the M206 strain. The monospecific antiserum displayed both
prozoning and killing phases with Ìv1206 cells and complement
(see Table 7.5) ¡ this prozoning activity was unaffected by
the presence of a bactericidal level of anti-I'1206 antiserum.
These results did not exclude the possibility of steric or
electrostatic hindrance ptaying an important role in the
prozone phenomenon. There is no information regarding the
distribution of the four somatic antigens on ,9. typhimurium
M2O6 cells. Îf one assumes that they are present in equal
numbers and are randomly spaced, high levels of bound
anti-"5" antibody could sterically hinder the large MAC
of complement. The predominantly IgG antibody would nearly
saturate, and possibly completely saturate, sites of somatic
antigen 5. The resulting hydrophobic cover (Stendahl et
aL., 1977) could also repel the amphiphilic MAC (Bhakdi et







er, I2st-protein A binding assay hlas used to measure
the relative amount of specific IgG antibody that
bound to ,9. typhimuv'ium M206 ce11s, when they were
sensitized with various dilutions of the IgG fraction
of a hyperimmune antiserum. The results indicated
that near saturation to actual saturation levels of
specifit IgG molecules were bound to cells in the
prozone situation.
The MKC of polymyxin was unchanged with ,S. typhimurium
M206 cel-ls, sensitized with antiserum levels that
normally showed the prozone phenomenon in the
complement-mediated bactericidal reaction. AIthough,
Iike the I{AC of complement, the antibiotic is
amphiphilic, it is a much smaller molecule and so may
not be hindered from its binding site in this situation.
,9. minnesota R595 cells, sensitized with the LPS of
S. typhímunium C5, displayed both prozoning and
killing phases in the complement-mediated bactericidal
reaction with hyperimmune antiserum specific for the
C5 LPS. The prozoning phase was abrogated by the
presence of antibody specific for the R595 strain.
The interacÈion of activated complement components
with LPS-antibody complexes seemed to be required for
killing.
SRBCs, sensitized with low levels of C5 LPS, displayed
prozoning and lytic phases in the passive haemolytic
assay with hyperimmune antiserum specific for the LPS-
Again, interaction of complement and LPS-antibody




A monospecific antiserum, specific for only somatic
antigen 5, rdas prepared from one raised against
^5. typhðmunium M206 and having prozoning activÍty.
The monospecific antiserum also displayed prozoning
and killing phases with target lvl206 cells. This
prozoning activity was also unaffected by the
addition of bactericidal levels of an antiserum,







CHAPTER 8.1 Reiteration of aims
This study concerns the Neisser-I{echsberg phenomenon
that commonly occurs in some complement-mediated reactions.
It is a prozone phenomenon that results in the deviation
of bactericidal complement activity, in the presence of
relativety high levels of specific antibody. Thus, in
complement-mediated bactericidal reactions, there is an
initial phase, where target bacteria are not killed in
the presence of 1ow dilutions of antiserum, followed by
a killing phase with higher dilutions, and an eventual
survival phase with even higher dilutions where specific
antibody is no longer present. Although the NW phenomenon
is recognized as an in uitz'o phenomenon, evidence (see
3.2.7 i Joos and HaIl, 1968) suggests that it also occurs
in uiuo, in hyperimmunized animals. As the sera of human
patients, chronically infected with or convalescing from
infection with Gram-negative bacteria, also display this
phenomenon (HalI, 1950; Thomas et aL., L943; Griffiss,
L975; Waisbren and Brown, L966i Gower et aL., L972¡
Taylor, L972), it is possible that humoral factors a1one,
cannot kiIl the pathogens in these patients. The pheno-
menon t,herefore assumes an important clinical role.
The aims of this thesis $/ere the investigation of
the important parameters of this phenomenon (ie., the
component.(s) of antiserum possessing the prozoning
activity, and the involvement of target bacterial ce1ls
and complement source) and the subsequent explanation of
the mechanism(s) involved. To this end, we have generally
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studied the bactericidal reaction using the serum-
sensitive but smooth N1206 strain of 5. typhinurium, rabbit
antiserum specific for this strain, and human or guinea
pig complement.
The major parameters of the phenomenon were
adequately investigated, although the very high avidity of
the specific antibody involved prevented its purification
and quantitation. It is proposed that both steric and
electrostatic hindrance of terminal complement compo"nents
by this avid, and therefore firmly, ceIl-bound antibody
of the IgG class is responsible for the NW phenomenon-
This prozone phenomenon is observed with antisera
from a number-of mammalian species (man, rabbit, goat, dog).
It is also observed with a variety of Gram-negative
bacteria as target cells: 5. typhi (Neisser and Wechsberg,
1901; Daguillard and Edsall, t96B; Muschel et aL., 1969) ¡
S. typhimurium (Edebo and Norman, 1969) ; Br'. abov'tus (HalI,
1950) ; iV. mertingitidis (Thomas et aL. , L943; Grif fiss,
1975) ¡ E. eoLi (Gower et aL., L972) , and; Pr. miv'abiLis
(Tayle¡, L972). The basic findings of the thesis are
believed to apply to the phenomenon observed with a1I Gram-
negative bacteria, despite previous evidence to the'contrary.
CHAPTER 8.2 lvlaior Parameters of the Neisser-Wechsberg
phenomenon
The fundamental feature of the prozone phenomenon
is that it occurs on the target bacteria, with no con'
tribution from fluid-phase interactions. This has not
been stated up to nol^/; in fact, Muschel et aL., (f969)
proposed that anticomplementary factors present in antiserum,
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particularly when the latter is heat-treated, are partly
responsible for its prozoning activity. This proposition
Ì^ras based on the equivocat results pf a single experiment:
the seemingly lower prozoning activity of an unheated
antiserum was probably due to the additional complement
supplied to the bactericidal assay mixture by the lowest
dilution. Results presented here (see 3.2.3 and' 3-2-41
indicate that there is no effect on the prozoning activity
of an antiserum by exposing it to 560 for a prolonged
period (90 minutes) and there is no loss of complement by
incubating prozoning dilutions of antiserum with a
complement source at 37o.
The NW phenomenôn is also not mediated by soluble
bacterial antigen in the fluid-phase, as proposed by
Coombs (Muschel, 1965) . Target bacteria $¡ere either
extensively diluted or thoroughly washed, before being
incorporated into bactericidal assays. However, it is
imperative to thoroughly remove bacterial cells and antigenic
fragment,s when absorbing specific antibody from complement
Sources; otherwise, considerable complement consumption
occurs on incubation with prozoning antiserum.
Specific IgG antibody in hyperimmune antiserum is
the important mediator of this prozone phenomenon; IgA and
IgM antibody species are not involved. The prozoning IgG
antibody is able to efficiently fix complement and cannot
be assj-gned to any subclass or subpopulation, with respect
to its reactivity with protein A. It is of very high
avidity and this feature makes its isolation by adsorptj-on
to and elution from bacterial ce1Is or antigens very
difficult. It is believed that this type of IgG antibody
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also mediates the NlrI phenomenon in other mammals,
including man - the fractionation studies of Taylor (L972)
support this.
The central role of specific IgG antibody is one of
the controversial findings of this thesis. Serum fraction-
ation studies of Normann (L972) and Normann et aL., (1973)
are in agreement. However, other workers, using Sa1monella
and other Gram-negative bacteria, have implicated both IgG
and IgM antibody (Daguillard and EdsaII, 1968, Muschel et
qL,, 1969) or IgA antibody (HaII et aL., L97L; Griffiss,
1975). Serum fractionation procedures in the first three
references were either crude or harsh (see L.4.4 and 4.4)
and so fractions $/ere not weII characterized or antibody
functions were probably impaired. The inhibitory action
of IgA antibody on the cytolytic activity of IgG and IgM
antibody (Eddie et aL., I97L; Halt et aL., L97I; Griffiss,
L975; Russell-Jones et aL., 1980) is not disputed. However,
amounts of IgA antibody, far in excess of that which occurs
in whole serum, are required to demonstrate this inhibitory
action (Griffiss, L975) and so cannot explain the prozoning
activity of whole antiserum.
The role of specific IgG antibody as prozoning anti-
body is also reflected in the sequential studies during a
vaccination schedule. Although bactericidal activity
(initially 2ME-sensitive) appears and peaks early, both
prozoning activity and 2l{E-resistant activity do so later.
This is consistent with the observed early rise in specific
IgM antibody followed by a later protracted rise in IgG
antibodyr oD vaècination of laborat$ry animals with Gram-
negative bacteria (Holmgren, L970; Gupta and Reed, L97L¡
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Schulkind et aL., L972). The need for a long and intensive
vaccination schedule to result in good prozonj.ng activity
has also been recognized by other workers (Neisser and
Wechsberg, 1901; Joos and HaI1, 1968; Normann, 1972\. Only
Daguillard and EdsalI (1968) disagree; however, experimental
flaws in this study seem to invalidate their argument.
Strong evidence is presented to suggest that pro-
zoning IgG antibody is very avid. This is expected as
prolonged vaccination of laboratory animals with bacteria
(Schulkind et aL., I972; Holmgren and Svennerholm, I972¡
Ahlstedt et aL., L973) or haptens (Eisen and Siskind'
1964; Makela et aL., L967; Goidl et qL.,1968; Werblin et
aL., 1973a and b) results in antibody of high avidity.
Thus, target bacteria can be sensitized with prozoning
l-evels of this antibody and then washed, but still display
the prozor.e phenomenon on addition of complement. This is
in agreement with Daguillard et aL., (1968), Muschel et
aL., (1969) and Normann et qL., (L972). Target bacteria,
sensitized with a bactericidal level of IgIt{ antibody' can
then display a prozone phenomenon on the addition of pro-
zoning tevels of IgG antibody. Although it is possible
that the IgM antibody remains cell-bound in this situation,
it is probably displaced from antigenic sites by the large
number of avid IgG molecules. Attempts to isolate specific
antibody with prozoning activity is difficult, due to its
high avidity, in agreement with Normann et aL., (L972) .
Elution of antibody from bacterial ceIls or the insolu-
bilized LPS proved unsuccessful: prozoning IgG antibody
binds to these matrices very efficiently but the antigen-
antibody bond cannot then be broken, unless vig:orous
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techniques, leading to the loss of antibody function
(eg., pH <3.0) ' are used.
fhe high avidity of prozoning IgG antibody is an
important factor, when explaining the mechanism of the
NW phenomenon. The hindrance (steric or electrostatic)
of terminal complement components from the outer membrane
of target cells implies that there is a dense cover of
IgG molecules on these ce}ls. The high avidity of these
molecules aIlow them to bind quickly and firmly to surface
antigens and so effect this dense cover.
As for the bactericidal reaction (Cundiff and
Morgan, L94Li Adler, 1953; Muschel, 1960) ' the major
antigené operating in the NW phenomenon are the poly-
saccharide O-somatic antigens of the OIvl. The immunizíng
bacterium (s. typhimurium M206) used in this study, being
a smooth strain, has a complete ceII waII structure and
yet only antibody specific for the polysaccharide side-
chains caused the prozone phenomenon. Antibody, specific
for other OM components ie., core polysaccharide, lipid A
and C!üP, was unimportant. Normann ¿ú qL,, (L972)
vaccinated rabbits with a rough strain of S. typhimurium
that lacks the O-somatic antigens and yet the resulting
antisera demonstrated prozoning activity. It seems that,
in the absence of the O-somatic antigensr oll the immunizing
bacteria, antibody specific for other OM structures can
cause the prozone phenomenon. In the present study, the
antisera raised against the smooth strain only showed pro-
zoning activity with target cells possessing the O-somatic
antigens (see 5.2.4). Monospecific antiserum, specific
for only one such antigen can also cause the prozone
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phenomenon and so it is not necessary that all the
O-somatic antigen sites of target cells be bound by
antibody.
The apparent insensitivity of the NlV phenomenon to
bacterial ceII numbers (Normann et aL., l-g72) has important
consequences and needs to be scrutinized.. The prozoning
activity of an antiserum and, in particular, the IgG
fraction, is relatively independent of the number of target
ce1ls in an assay (see 5.2.6). However, the prozoning
activity of both are inversely proportional to the comple-
ment concentration. It appears that there is a competition
between the avid, prozoning IgG antibody and complement
components for proximate binding sites on the target
bacteria. The ratio of IgG molecules bound per cell and
the number of complement components available per cel1
seems to be the important deciding factor (see 6.2.6(b)).
Simply changing the number of target cells does not change
this ratio.
There have been rçlatively few studies done on the
involvement of complement in the NW phenomenon, although
excess complement has been known to abrogate the
phenomenon, since its discovery (Neisser and Wechsberg,
1901; Thomas et aL., L943; Joos and Hal1, l-968¡ Muschel
et aL., 1969) . The present study indicated that considerable
consumption of complement occurs on the target bacteria, in
this prozone situation. This agrees with the findings of
Muschel et aL., (1969) . Thomas and Dingle (f943) failed
to demonstrate a similar significant haemolytic complement
consumption; however, they used a much lower number of
target bacteria (itl. meningitídis) in the bactericidal
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assay than RBCs in the haemolytic assay (see 6.2.2).
The present study also indicated that the alternative path-
wây, as well as the classical pathway, is activated in the
prozone situation. The alternative pathway v¡as shown to
be bactericidal but it appeared to require specific anti-
body for its activation. The question of antibody-
involvement in the bactericidal activity of the alternative
pathway remains largely unanswered (Müller-Eberhard and
Schreiber, 1980).
Both bactericidal pathways of complement are
modified at the membrane attack phase (see Table I.1) in
the NW phenomenon. Components CI, C4, C2 and C3 of the
ctassical pathway and C3 of the alternative pathway htere
shown to be activated and bound to target bacteria in the
prozone situation (see 6.2.3 and 6.2.4). Muschel et qL.,
(1969), studying the parallel prozone phenomenon in the
immune haemolytic system, demonstrated similar results.
The ability of excess of later components in the cytolytic
pathways to abrogate the phenomenon indicated that modi-
fication of the MAC occurs in the NW phenomenon.
Modification of the membrane attack phase can occur
by any or all of three possible mechanisms: (i) C5 is not
activated, (ii) activated C5 binds to bacterial sites but
cannot assemble the remaininq components of the IvlAC, and
(iii) activated C5 assembles the remainder of the MAC about
it but the resulting complex cannot bind to bacterial sites,
where it can effect lesions. Work with R reagents (see
6.2.6(b) ) indicated that either or both of the first two
mechanisms can apply to the NW phenomenon. The first
mechanism seems unlikely because C5 is structurally very
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similar to C3 (Mül1er-Eberhard, 1975) ie., is of similar
size and charge, and so should be activated in the pro-
zone situation, as C3 is. Biologically-active MAC could
not be demonstrated j.n the fluid-phase by deviated lysis;
it may have been generated by either pathway but would
have been quickly inactivated (KoIb and Müller-Eberhard,
L973) , presumably by S-protein (Podack et aL., 1978¡
Podack and MüIler-Eberhard, 19B0). Cell-bound MAC is
generated in the prozone situation, mainly by the alternative
pathway. However, it is only loosely bound to sites that
cannot effect killing, âs it can mediate deviated lysis.
CHAPTER 8.3 Mechanism of the phenomenon
In the NW phenomenon, there exists a competition
between avid IgG molecules and complement components (Ì"IAC)
for different but proximate binding sites on the target
bacteria. This competition favours the antibody molecules,
since they are the first to interact, and then a dense
cover formed by these molecules seems to hinder the MAC
from forming and binding.
The MAC is a large aggregate of the five terminal
components, bonded by ionic rather than covalent forces
(Kolb and MüIler-Eberhard, 1973; Podack et aL., 1978) .
The active form seems to be a dimer of C5b67896 (Biesecker
et aL., L979) and seems to assume the shape of a hollow
cylinder (Tranum-Jensen et dL., L97B; Podack et aL., 1980).
A major part of the outer surface is hydrophilic but an
annular apolar zone Seems to be created at one terminus,
so conferring an amphiphilic character to the complex
(Bhakdi et aL., L978; Podack et aL., L979') . In agreement
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\^¡ith the "doughnut hypothesis" (tvtayer, I9721 , the apolar
terminus appears to insert into the phospholipid areas
of cell membranes to form a channel across the lipid
bilayer. In the NW phenomenon, the bacterial surface
is densely covered with IgG molecules that confer to it
a strongly hydrophobic character, (Stendahl et aL., 1977) .
It is proposed that once C5 has been activated, in this
situation, (i) the remainder of the l4AC components cannot
assemble around it at the cell surfacer or (ii) the IvIAC
can be formed distant to the cell surface but cannot bind
to phospholipid sites, and so is quickly inactivated by
S-protein (Podack eú aL., 1978; Podack and Müller-Eberhard,
1980). Both steric hindrance and the intense hydrophobic
character, imposed on the cell surface by the densely-
bound IgG molecules' are thought to be responsible.
Target bacteria, displaying the NW phenomenon' are
covered by a dense and almost saturating tevèt of IgG anti-
body (see 7.2.l-'). A calculation, based on the number of
protein A molecules that bind to S. typhimuti,um N1206 cells
in the prozone situation, revealed that the number of IgG
antibody molecules bound per ceII is about 260;000. This
number is roughly half that required to saturate a cell
with twice the number of O-somatic antigens (Stendahl et
aL., L977) . Antiserum, specific for only one of several
O-somatic antigens, can show good prozoning activity (see
7.2.5) . It must also be remembered that the surface of the
OIvl consists of protein and phospholipidr âs well as LPS
(Osborn et aL,, L974; Costerton et qL., 1974; Smit et aL.,
L975\, and that the distribution of LPS may be asymmetric
(Funahara et aL., 1980) . Thus, there may be phospholipid
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areas on the OM where the large MAC could avoid steric
hindrance and so bind to receptor sites, although any
such binding may not have a lytic effect. The relatively
small polymyxin molecule was not hindered from binding to
phospholipid sites on the OM, in the presence of a prozoning
dilution of antiserum.
the concept of electrostatic hindrance of the l4AC
seems to be supported by the work of Normann et aL., (1972) .
These workers found that antiserum loses its prozoning
activity on treatment with pepsin. This treatment results
in Fc' and (Fab')2 fragments, the latter retaining antigen-
binding and complement-fixing (Steele et qL., 1977)
activities. Tf steric interactions are the only factor
responsible for the NW phenomenon, then prozoning activity
should have been retained by the (Fab'), fragments" The
enzyme treatment removes the hydrophobic region of the IgG
molecules (Stendahl et dL., L977) ¡ the cell-bound (f'ab'),
fragments activate complement and then the l{AC presumably
has no electrostatic constraints to its forrnation and its
membränotytic activitY.
sRBCs and 5. mínnesota R595 ce1ls vrere sensitized
with the LPS of S. typhimunium C5 and yet displayed pro-
zoning situations with antiserum specific for the M206
strain. Two important observations were made: (i) the
sensitizj.ng LPS would have covered only a small part of
the surface of the RBCs, and (ii) antibody, specific for
the R595 strain, \^Ias able to lyse the C5 LPS-R595 cells in
the presence of prozoning levels of anti-C5 antibody-
Steric and electrostatic hindrances therefore appeared to
operate in the immediate vicinity of the sensitizing LPS'
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in the prozoning situation ie., MAC formation and
only need to be prevented in this defined area on
ceIIs. Thus, ínteraction of activated complement
components with LPS-antibody complexes seems to be




CHAPTER 8 4 General conclusions
The NW phenomenon is a consequence of the rapid pro-
duction of IgG antibody of high avidity in hyperimmunized
animals and humans with chronic infection. It appears to
be as much an in uiuo phenomenon as an in uítxo one. It
is responsible for the humoral arm of the immune defense
against the immunogen or pathogen being weakened in
these animals. However, the dense cover of IgG antibody
over the bacteria and the fixation of complement components
Cl to C3 in this prozoning situation presumably enhances
phagocytosis by white cells, particularly via the activation
of specialized ceII functions (e9., Iymphokine, histamine
release). The NIV phenomenon does not appear to be the
primary cause of the chronj-c infection state, but can be
regarded as an important consequence and even a factor
contributing to the persistence of infections.
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